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(54) UQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal 
display device provided with both functions of a 
reflection type and transmission type displays that is 
prevented from occurring of Imprinting of an external 
image and double images. 

SOLUTION: [n this device, an organic EL surface 
emitting element 1 2 is arranged in the rear of a liquid 
crystal display element 13 and a diffusing plate 41 is 
arranged in the front of the panel 13 and an electrode 
positioning in the rear of the organic EL surface emitting 
element 12 is made to be a reflection cathode electrode 
1 5. Outer lights are reflected with this reflection cathode 
electrode 15. A this time, since this device is provided 
the diffusing plate 41 and the outer lights are diffused, 
the imprinting of the external image and the double 
images are suppressed from being displayed. 
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CLAIMS 



[Claim(s)] 

[Claim l] It has the Hquid crystal display panel by which the liquid crystal layer 
intervened between the firont transparent substrates and back transparent substrates 
which have a liquid crystal drive electrode, respectively. More back than the 
aforementioned Uquid crystal layer corresponding to the viewing area of the 
aforementioned liquid crystal display panel, hght is emitted according to pouring of a 
carrier. The liquid crystal display characterized by having arranged organic EL layer in 
which itself has permeability to the light, and having arranged the light reflex board 
which has reflection nature to the light more back than the aforementioned organic EL 
layer. 

[Claim 2] The aforementioned light reflex board is a liquid crystal display according to 
claim 1 of the electrodes of the couple which injects a carrier into the aforementioned 
organic EL layer which comes out on the other hand and is characterized by a certain 
thing. 

[Claim 3] The firont face of the aforementioned light reflex board is a liquid crystal 
display according to claim 1 or 2 characterized by being a scatter reflection side with 
detailed irregularity. 

[Claim 4] The liquid crystal display according to claim 1 or 2 characterized by having 
arranged the diffusion board which has permeability to the light between the 
aforementioned liquid crystal display panel and the aforementioned organic EL layer. 
[Claim 5] The aforementioned organic EL layer is a liquid crystal display according to 
claim 1 to 4 characterized by forming thickness through the electrode which injects a 
carrier into the substrate of the shape of a film 0.2mm or less. 

[Claim 6] The liquid crystal display according to claim 1 to 5 characterized by providing 
the following At least one side of an electrode which injects a carrier into the 
aforementioned organic EL layer has permeability to the light, and is the transparent 
electric conduction film of the aforementioned organic EL layer mostly formed in the 
whole surface. The low resistance electric conduction film which has two or more holes 
which are different refractive indexes from the aforementioned transparent electric 
conduction film, and consist of the aforementioned transparent electric conduction film 
with the material of low resistance, and carry out opening of the aforementioned 
transparent electric conduction film 
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[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs! This invention relates to the liquid 
crystal display which has a reflected type display function and a penetrated type display 
function in more detail about a liquid crystal display. 
[0002] 

[Description of the Prior Art] Since the formation of thin shape lightweight is possible, 
the liquid crystal display is used as display of various electronic equipment. In recent 
years, computerization is beginning to permeate to individual level and the portable 
personal computer (notebook sized personal computer), the Personal Digital Assistant, 
etc. have spread. Since such electronic equipment is portable, it needs to hold down 
power consumption as much as possible. For this reason, by portable electronic 
equipment, the reflected type liquid crystal display which cut down the power needed 
for losing a back light is used. However, such a liquid crystal display has a display very 
hard to see in a dark place and dark night (dark state), although outdoor daylight can 
acquire good contrast [ in the bright daytime (Ming state) ]. Moreover, in the penetrated 
type liquid crystal display equipped with the back light, the brightness of a back light 
cannot acquire good contrast in the state of Ming at 200 cd/m2 to the ability to acquire 
contrast with the brightness of a back light sufficient by about two 20 cd/m in the dark 
state. Then, the liquid crystal display equipped with the reflected type display function 
as shown in drawing 33 , and the penetrated type display function is developed. As this 
hquid crystal display is shown in this drawing, the half-transparency half reflective film 
(one -way mirror) 2 is arranged behind the liquid crystal display section 1, and the back 
light system 3 tit consists of a lamp 4, a light guide plate 5, etc.) is arranged behind the 
half-transparency half reflective film 2. The half- transparency half reflective film 2 is 
the structure which prepared the reflecting layer in the upper surface of a base film, 
and prepared the scattering layer in the inferior surface of tongue, penetrates a part of 
light which carries out incidence, and has the function to reflect the remaining light. 
[0003] Hereafter, the display operation in this conventional liquid crystal display is 
explained briefly. Sign A shows the outdoor dayUght in the Ming state which carries out 
incidence to the liquid crystal display section 1 among drawing 33 . This outdoor 
daylight A passes the liquid crystal display section 1, and it carries out incidence to the 
half- transparency half reflective film 2. At this time, a part penetrates the 
half-transparency half reflective film 2 as the transmitted light A3, and the remaining 
light reflects an incident light Al as the reflected light A2. Incidence of this reflected 
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light A2 is carried out to the hquid crystal display section 1, outgoing radiation of the 
display light A4 according to the orientation state of liquid crystal is carried out from 
the screen, and a display is performed. On the other hand, by turning on the back Ught 
system 3 in a dark state, outgoing radiation of the lighting light B is carried out, as for 
this lighting light B, a part of light penetrates the half-transparency half reflective film 
2, and a part of these transmitted light turns into the lighting light Bl. When the 
lighting light Bl carries out incidence to the liquid crystal display section, outgoing 
radiation of display light B-2 according to the orientation state of liquid crystal is 
carried out from the screen, and the display of it is attained. 
[0004] 

[ProblemCs) to be Solved by the Invention] However, in the above-mentioned 
conventional liquid crystal display, in order for a part of incident light Al (A3) which 
makes outdoor daylight A the origin to penetrate the half-transparency half reflective 
film 2, the quantity of Ught of the reflected light A2 decreases, and there is a problem 
that good contrast cannot be taken. By passing the half-transparency half reflective film 
2, the quantity of light decreases sharply and the lighting light B which, on the other 
hand, makes the origin the back light system 3 used in the state of dark turns into the 
lighting light Bl. That is, light from the back light system 3 cannot be efficiently used 
for a display. For this reason, in a dark state, it is required that the luminescent ability 
of the back light system 3 should be raised for acquiring good contrast, power 
consumption increases, and the problem that continuation display time becomes short 
cannot be avoided especially in a portable liquid crystal display. 

[0006] The first technical problem which this invention tends to solve can perform the 
reflected type display which has good contrast in the Ming state, can suppress that a 
double image moreover occurs with interface reflection, and is in the point what means 
should be provided for obtaining the liquid crystal display which can, on the other hand, 
perform the penetrated t3^e display which has good contrast also in a dark state by the 
low power. Moreover, the second technical problem which this invention tends to solve is 
in the point what means should be provided for obtaining the liquid crystal display 
which can supply the good scattered light to the liquid crystal display section. 
[0006] 

[Means for Solving the Problem] Invention according to claim 1 is equipped with the 
liquid crystal display panel by which the liquid crystal layer intervened between the 
front transparent substrates and back transparent substrates which have a liquid 
crystal drive electrode, respectively. More back than the aforementioned liquid crystal 
layer corresponding to the viewing area of the aforementioned liquid crystal display 
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panel, light is emitted according to pouring of a carrier. It is characterized by having 
arranged the organic electroluminescence (henceforth organic [ EL ]) layer in which 
itself has permeability to the hght, and having arranged the light reflex board which 
has reflection nature to the light more back than the aforementioned organic EL layer. 
(0007] On the other hand, it comes out of the aforementioned light reflex **** of the 
electrodes of the couple which injects a carrier into the aforementioned organic EL layer, 
and invention according to claim 2 is carrying out the feature of a certain thing. 
[0008] In a claim 1 and invention according to claim 2, after it passes a liquid crystal 
display panel, it is reflected by one electrode of the light reflex board behind organic EL 
side light emitting device, or organic EL side Ught emitting device, and the light which 
carried out incidence from the front of a liquid crystal display panel passes a liquid 
crystal display panel again, and outgoing radiation of it is carried out ahead, and it 
displays on it. Moreover, a display becomes possible, in order to inject an electron and 
an electron hole into organic EL layer, for luminescence accompanying the reunion of 
the electron and electron hole in oi^anic EL layer to arise, and for this light to pass a 
liquid crystal layer and to carry out outgoing radiation to the front of a liquid crystal 
display panel, if the voltage of a predetermined value is impressed to inter-electrode [ of 
organic EL side light emitting device ]. Since organic EL side light emitting device can 
set up an electrode and organic EL layer very thinly, while there is Uttle loss by the 
optical absorption of these members and it can carry out outgoing radiation of the light 
of high brightness to a screen side also in any of a reflective display and a transparency 
display, gap of a display image can perform a small display. Therefore, a good reflective 
display and transparency display of luminous efficiency can be performed, without 
using a half- transparency half reflecting plate. 

[0009] Invention according to claim 3 is characterized by being the scatter reflection 
side in which the front face of the aforementioned light reflex board has detailed 
irregularity. In invention according to claim 3, an incident light can be scattered with 
the detailed irregularity of a light reflex board, it can reflect, and, for this reason, the 
latus liquid crystal display of an angle of visibility can be performed also in a reflected 
type display and a penetrated type display. 

[0010] Invention according to claim 4 is characterized by having arranged the diffusion 
board which has permeabiUty to the light between the aforementioned liquid crystal 
display panel and the aforementioned organic EL layer. 

[0011] Thickness is characterized by forming invention according to claim 5 through the 
electrode to which the aforementioned organic EL layer injects a carrier into the 
substrate of the shape of a film 0.2mm or less. 



- 5- 



JP10-253959A 



[0012] At least one side of the electrode to which invention according to claim 6 injects a 
carrier into the aforementioned organic EL layer has permeability to the hght, and it is 
a different refractive index from the transparent electric -conduction film of the 
aforementioned organic EL layer mostly formed in the whole surface, and the 
aforementioned transparent electric-conduction film, and it consists of the 
aforementioned transparent electric-conduction film with the material of low resistance, 
and it is carrying out having the low resistance electric-conduction film which has two 
or more holes which carry out opening of the aforementioned transparent 
electric-conduction film as the feature. In invention according to claim 6, since the 
laminating of the low resistance electric conduction £Qm is carried out even if a 
transparent electric conduction film is high resistance comparatively, the fall of 
potential in a long distance portion can be suppressed from the takeoff connection of a 
transparent electric conduction film. For this reason, the current supply source to 
organic EL layer can be performed uniformly, and uniform field luminescence can be 
made to perform. 
[0013] 

[Embodiments of the Invention] It explains based on the operation gestalt which shows 
the detail of the liquid crystal display concerning this invention hereafter to a drawing. 
(Operation gestalt l) Drawing 1 is the cross section showing the operation gestalt 1 of 
the liquid crystal display concerning this invention. 11 in the said drawing is a liquid 
crystal display, and shell profile composition is carried out with organic EL side light 
emitting device 12 arranged back relatively, the liquid crystal display panel 13 arranged 
ahead of organic EL side light emitting device 12, and the diffusion board 41 arranged 
ahead of the liquid crystal display panel 13. 

[0014] First, the composition of organic EL side light emitting device 12 is explained. As 
for organic EL side light emitting device 12, the metal 15 which has the light reflex 
nature which has a function as a late coming light drive electrode and a light reflex 
board, for example, the reflective cathode electrode which becomes by Mgin, is formed 
on the substrate 14 which becomes with glass (transparence for EL). In addition, it is 
close to the electron affinity of electronic transporting-bed 16 material reflected in the 
level of a minimum sky molecular orbital (LUMO) of the material of the electronic 
transporting bed 16 which material with a low work function is desirable, and the 
electron affinity (eV) mentions later fi'om a viewpoint of electron emission nature as a 
material of the reflective cathode electrode 15, or it is desirable that it is smaller than it. 
Moreover, the material which has reflection nature from a viewpoint of hght reflex 
nature to the hght (400nm or more electromagnetic wave 800nm or less) more is 
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desirable. This reflective cathode electrode 15 has the viewing area of the liquid crystal 
display panel 13, and a corresponding shaped surface product. Moreover, the reflective 
cathode electrode 15 can be formed using a spatter etc. so that it may become arbitrary 
thickness, and it has mirror-plane structure with a smooth reflector in this operation 
form. 

[0015] On the reflective cathode electrode 15, the electronic transporting bed 16 which 
has a corresponding shaped -surface product with a viewing area and which becomes 
with tris(8-hydroxyquinoline)-ized aluminum (henceforth Alq3) is formed similarly. The 
thickness of this electronic transporting bed 16 is 20nm - about lOOnm, and is formed 
using the vacuum deposition. Moreover, on the electronic transporting bed 16, the 
electron hole transporting bed 17 which comes to mix a polyvinyl carbazole (henceforth 
PVCz), a 2 and 5-screw (I naphthyD OKISA diazole (henceforth BND), and luminescent 
material suitably is formed of wet membrane formation of a DIP coat or the spin coat 
method, or vacuum evaporationo. The thickness of this electron hole transporting bed 
17 is set as 20nm - about lOOnm. The rate of a mole ratio to a PVCz unit unit is mixed at 
a rate of about 10 / 100 - 20/100, and BND has a relative band gap to an anode electrode 
to which pouring and transportation of an electron hole into the electron hole 
transporting bed 17 are urged. And the organic EL layer 18 consists of these electronic 
transporting bed 16 and an electron hole transporting bed 17. In addition, the structure 
expression of Alq3, PVCz, and BND is shown below. 



[0016] 
[Formiila l] 




A I q 3 



[Formula 2] 
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[Formula 3] 

N-N 




BNO 



[0017] Luminescent material is a dopant which consists of material which has either of 
the electroluminescence (electroluminescence) nature which ahsorhs the light of a 
predetermined wavelength region, is excited by the reunion of red, the 
photoluminescence (photoluminescence) nature which emits light green and blue and 
an electron, and an electron hole, respectively, and emits light, and is doped by the 
electron hole transporting bed and/or the electronic transporting bed. As a red dopant, 
there is 4-(dicyanomethylene)-2-methyI-6-(p-cUmethylaminostyryD-4 H-pyran 
(henceforth DCMl), and the orange or red luminescence which has a luminescence peak 
near 600nm as shown in drawing 18 is produced. The structure expression of DCMl is 
shown below. 
[Formula 4] 
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N 



^CH3 



CH3 



DCMl 



As a green dopant, there is 3-(2'-benzotliiazoyl)-7-diethylaminocoumarin (the following, 
coumarin 6), and green luminescence which has a peak in SOOmn - 550nm as shown in 
drawing 18 is shown. The structure expression of a coumarin 6 is shown below. 
[Formula 5] 



There is quinaqridone (the following, Quinacridone) as other green dopants. The 
structure expression of a Quinacridone is shown below. 
[Formula 6] 



As a blue dopant, there are •bis(2 and 2'-diphenylvinylehe) biphenyl, and 
tetraphenylbenzidine (following, TPB), 4, and 4 '4, 4'-bis(2-carbazole) (vinylene) 




C2H5 
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biphenyl, a tetraphenylbutadiene derivative, a cyclopentadiene derivative, an 
oxadiazole derivative, etc. The structure expression of TPB is shown below. 
[Formula 7] 



the spectrum of the light filter which about 1 / 100 • 4/100 come out comparatively, and 
the rate of a mole ratio to a PVCz unit unit is mixed, and mentions a red dopant, a green 
dopant, and a blue dopant later, respectively - the amount of dopes is adjusted in 
accordance with a spectrum 

[0018] The anode electrode 19 is formed in the whole surface on the organic EL layer 18. 
This anode electrode 19 is formed by the electrode material which has permeability to 
the light which emits light by outdoor daylight and the organic EL light emitting device 
12, for example, ITO, and the thickness is set as 300nm or less. 

[0019] As mentioned above, although the composition of organic EL side light emitting 
device 12 in a liquid crystal display 11 was explained, as described above, the 
membrane formation controllability of an organic film can realize the reason which can 
make thickness of the organic EL layer 18 thin a good thing and by originating 
including the properties of material, such as charge pouring nature, and considering as 
organic EL side light emitting device especially. And the thickness which doubled the 
organic EL layer 18 and the anode electrode 19 can also suppress that the double image 
by reflection arises, while being able to make very small attenuation by the absorption 
of outdoor dayUght which carries out incidence to 0.1 micrometers ■ about 0.2 
micrometers since it is thin. Moreover, when outdoor daylight reflects by the reflective 
cathode electrode 15 so that the operation which carries out a postscript by having the 
diffusion board 41 in such an organic EL side light emitting device 12 may describe, a 
flicker (flicker phenomenon) and specular reflection can occur in the display screen, a 
double image can arise, or it can suppress that un- arranging [ of the phenomenon in 
which the display screen continues partially and shines occurring ] occurs. 
[0020] Next, the composition of the Uquid crystal display panel 13 is explained. The 
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front transparent substrate 20 side to which the hquid crystal display panel 13 makes a 
pair as shown in drawing 1 , and the back transparent substrate 21 side, it comes out to 
the sealant which is not illustrated and the gap come out of and formed with the liquid 
crystal layer 22 by which TN liquid crystal by which twist pneumatic orientation was 
carried out to 90 degrees of abbreviation was closed, the front polarizing plate 23 
arranged ahead of the front transparent substrate 20, and the back polarizing plate 24 
arranged behind the back transparent substrate 21, and profile composition is carried 
out Each polarization shaft intersects perpendicularly mutually, and the front 
polarizing plate 23 and the back polarizing plate 24 are arranged according to the 
orientation of liquid crystal. At the front transparent substrate 20 side, the black mask 
26 and the light filter 27 are arranged and formed suitably at the opposite medial 
surface of the front transparent substrate 20. A light filter 27 consists of red, an R filter 
which carries out the spectriun of each green and blue color, respectively, a G filter, and 
a B filter, and R filter, G filter, and B filter are carrjong out the dot array corresponding 
to the shape of a stripe, and the pixel electrode 30 mentioned later, respectively. 
Moreover, the protective coat 28 which has transparency is formed on these black mask 
26 and a light filter 27, the common electrode 25 which has 70% or more of permeability 
to the light which consists of ITO is formed over the whole viewing-area surface on a 
protective coat 28, and the last orientation film 29 which consists of a polyimide by 
which orientation processing was carried out is formed on the common electrode 25. 
[0021] On the other hand, much TFT (TFT) 31 as a switching element connected to the 
pixel electrode 30 which becomes by ITO, and this pixel electrode 30 is arranged in the 
opposite inside side of the back transparent substrate 21 according to the 
predetermined pixel array. The matrix array arranged together with the direction of a 
train which intersects perpendicularly with a Une writing direction and it, the so-called 
delta array which the pixel electrode 30 of the train which adjoins the train of the pixel 
electrode 30 which made one period R, G, and B of a corresponding light filter shifted 
the semicircle term can be used for an array pattern. It connects with the gate line to 
which the gate electrode outputs selection voltage, and TFT31 is connected to the drain 
Une to which the drain electrode outputs a signal level. To the non-pixel field containing 
these TPT31, pattern formation of the layer insulation fibn 34 which consists of a silicon 
nitride is carried out, and the back orientation fibn 32 which consists of a polyimide and 
with which orientation processing was performed is formed on these pixel electrode 30 
and the layer insulation film 34 to it. 

[0022] The operation and operation in the case where reflect outdoor daylight and the 
liquid crystal display 11 of such composition is used hereafter, and the case (when using 
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in the state of dark) of carrying out a luminescence drive and using organic EL side light 
emitting device 12 (when using in the state of Ming) are explained. 
[0023] (When using in the state of Ming) When using this Uquid crystal display 11 in the 
state of Ming, it uses by making organic EL side light emitting device 12 into an OFF 
state. The arrow a of drawing 1 shows the incident light which is outdoor daylight, and 
Arrow b shows outgoing radiation light. First, an incident light a passes the liquid 
crystal display panel 13, and it carries out incidence to the organic EL light emitting 
device 12. An incident light a receives the polarization of the front polarizing plate 23, 
liquid crystal 22, and the back polarizing plate 24, and incidence is carried out to the 
organic EL light emitting device 12. This incident light a passes the anode electrode 19 
and the organic EL layer 18, and is reflected by the reflective cathode electrode 15. At 
this time, drawing 2 can show actual reflection generally. In addition, in this drawing, 
the optical refractive index of the anode electrode 19 and the organic EL layer 18 is 
disregarded and shown. As shown in this drawing, an incident light a is mainly divided 
into the outgoing radiation light b reflected by the reflective cathode electrode 15, and 
the outgoing radiation light bl which a part reflects very much on the firont face of the 
anode electrode 19. If the distance d of these outgoing radiation light b and the outgoing 
radiation light bl sets the sum of the thickness of the anode electrode 19 and the 
organic EL layer 18 to t and it sets an incident angle to theta, it can express with 
d=t-sin2 theta/cos theta. Here, it is set to about d= 0.2 micrometers if it is t= 0.2 
micrometers when it is the incident angle of theta= 30 degrees. Thus, with this 
operation form, since the sum of the thickness of the anode electrode 19 and the organic 
EL layer 18 can be small stopped by having used organic EL material, the distance d of 
the reflected lights b and bl becomes very short. In addition, even if it considers the 
refractive index of the electroluminescence layer 18, it becomes the same value as 
abbreviation. Thus, since the thickness of the anode electrode 19 and the organic EL 
layer 18 is very thin, when an incident light a is reflected by the reflective cathode 
electrode 15, the outgoing radiation light b has small loss of the quantity of light, and 
can secure sufficient quantity of light to a display. 

[0024] Moreover, if it is the composition which is not equipped with the diffusion board 
41 as shown in drawing 3 in using in the state of Ming The image 1 with which an 
parallel lighting light projects this liquid crystal modulation field 22A, and is reflected 
and formed by the reflective cathode electrode 15 when predetermined liquid crystal 
modulation field 22A is formed in the liquid crystal layer 22, it may reflect by the 
reflective cathode electrode 15, without passing along liquid crystal modulation field 
22A, and may come out with the image 2 formed by this reflected light's projecting 
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liquid crystal modulation field 22A, and outgoing radiation being carried out, and a 
double image may be made However, with this operation form, since the diffusion board 
41 is arranged ahead of the liquid crystal display panel 13, it can prevent that a double 
image is formed. Furthermore, with this operation form, although the external image A 
may cause a reflect lump by carrying out specular reflection by the reflective cathode 
electrode 15 without the diffusion board 41 as shown in drawing 4 , since it has the 
diffusion board 41, it can prevent that such un-arranging arises. 

[0025] (When using in the state of dark) When using this display 11 in the state of dark, 
it uses by making organic EL side light emitting device 12 into an ON state. The rough 
energy diagram of organic EL side light emitting device 12 at this time is shown in 
drawing 5 . The luminescence process of the organic EL element of the two-layer 
structure of an electronic transporting bed which serves as an electron hole 
transporting bed which becomes drawing 5 from PVCz, BND, and luminescent material 
from AlqS is shown. Here, if the electron-transfer nature within an organic carrier 
transporting bed is dependent on the level of lowest unoccupied molecular orbital 
(henceforth LUMO) of each material, the volatility of an electron hole is dependent on 
the level of highest occupied molecular orbital (henceforth HOMO) and it puts in 
another way, movement of a particle which has these charges will be reflected in the 
upper limit and minimum of a peculiar band gap of each material. As the whole 
containing an electrode, an electron will be reflected in the electron affinity (eV) of each 
material, and an electron hole will be reflected in the ionization energy (eV) of each 
material. 

[0026] First, although there is a potential barrier between the electron affinity of a 
cathode and LUMO of AlqS about pouring of the electron from a cathode electrode to an 
electronic transporting bed (ETL), it can get over and realize by impressing the voltage 
of a predetermined value between a cathode and an anode. And although there is a 
potential barrier between the ionization energy of an anode and HOMO of the material 
in HTL about pouring of the electron hole from an anode electrode to an electron hole 
transporting bed (HTL), it can get over and reaUze by impressing voltage between a 
cathode and an anode. 

[0027] Next, about movement of the electron hole in HTL, as shown in drawing 6 , the 
hopping transmission which moves in the trapping site formed of mixture with PVCz 
and BND serves as a subject. That is, it is the difference of the ionization energy of an 
anode, and HOMO of BND. The electron hole which overcame gapA by impression of 
voltage overcomes gapB between HOMO of BND, and HOMO of PVCz one after another, 
and goes to ETL. Moreover, although a part of electron poured into AlqS overcomes 
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gapE by impression of voltage, since gapD is large, it stops near an interface with ETL 
in HTL, it causes the electron hole and reunion to which the inside of HTL is conveyed, 
and generates I fold term exciton without a charge. The remaining electrons cause the 
electron hole and reunion which were poured in within ETL, and generate 1-fold term 
exciton. Although 1-fold term exciton results in deactivation after carrying out irregular 
movement of about lOnm, luminescent material is supplemented with it and it emits 
light in the light of a predetermined wavelength region. 

[0028] Drawing 7 is each optical-absorption spectrum of PVCz of a monolayer, the PVCz 
layer by which the coumarin 6 was doped, and the coumarin 6 which exists by 2.85x10-5 
(molA) in ethanol. Among drawing, a dashed line (a) is the absorption spectrum of PVCz, 
a solid line (b) is the absorption spectrum of a PVCz layer with which the coumarin 6 
was doped, and an alternate long and short dash line (c) is the absorption spectrum of 
the ethanol solution of a coumarin 6. A coumarin 6 has an absorption peak near 400nm - 
500nm in PVCz from a solid hne (a) and a solid line (b), and the PVCz itself mainly has 
the property which absorbs light 350nm or less. 

[0029] Drawing 8 is the spectrum view of the EL (electroliuninescence) property of a 
PVCz monolayer, and PL (photoluminescence) property. A drawing destructive line is an 
emission spectrum by impression of voltage, and a solid line is an emission spectrum by 
the extinction of the light of a predetermined wavelength region. PVCz has EL peak and 
PL peak in about 400nm. 

[0030] Although it is double luminescence of producing luminescence whose PVCz itself 
has a peak in about 400nm by the reunion of an electron and an electron hole in the 
monolayer type case of PVCz, and a coumarin 6 absorbing this part, and emitting light 
from drawing 7 and 8 In organic EL side light emitting device 12 of the two -layer 
structure of this operation form, PVCz does not almost have luminescence of 400nm 
peak, and since only luminescence of luminescent material is checked, it is guessed that 
the conversion efficiency is performed very good. 

[0031] By such operation, organic EL side light emitting device 12 of this operation form 
can be driven on low -battery conditions, and can attain lowpowerization. For this 
reason, the portability of a liquid crystal display 11 can be raised. Moreover, since 
luminescence by organic EL side light emitting device 12 takes place near the interface 
of the electron hole transporting bed 17 and the electronic transporting bed 16 as 
described above, it does not almost have loss of the quantity of light that light should 
just pass the electron hole transporting bed 17 and the anode electrode 19 in the 
direction of thickness substantially For this reason, the light for a display of sufficient 
quantity of light can be generated. Furthermore, since smooth and uniform thickness 



- 14- 



JP10-253959A 



can be formed by having constituted EL layer from an organic compound, it can consider 
as the good lighting of the homogeneity within a field of luminescence. In addition, since 
low power ization is attained as described above when using in the state of dark, a cell 
drive may be performed and a power supply may be made to take and drive from a plug 
socket. 

[0032] As mentioned above, although the operation form 1 was explained, the case 
where inorganic EL material is used as an EL layer here, and the above-mentioned 
operation form 1 are compared and examined. In the operation form 1, the thickness of 
EL layer is about 0.15 micrometers, and can form evenly using the spin coating method. 
On the other hand, if inorganic EL material, for example, EL material of a titanium 
system, is applied to an electroluminescence layer, EL thickness from which suitable 
effective electric field and suitable luminescence are obtained will be set to dozens of 
micrometers. For this reason, from the distance d of the operation form 1, the distance d 
of the reflected lights explained using drawing 2 in the above-mentioned operation form 
1 becomes long sharply, parallax will become large and a display image can be seen [ the 
distance / for this reason, ] in the case of inorganic EL Hght emitting device, multiplex. 
Moreover, light is emitted by the reunion of the electron and electron hole where the 
luminescence mechanism was poured in into EL layer in the operation form 1. Such an 
EL layer can be caught in semiconductor. On the other hand, in inorganic EL light 
emitting device, it is thought by introducing an electron by the tunnel effect etc. into EL 
layer, being accelerated by the high electric field currently impressed to EL layer, 
colliding with a luminescent center, and giving energy that luminescence is caused. 
That is, the mechanism of inorganic EL light emitting device can be caught in dielectric 
breakdown. If it thinks from this point, it can be said that it is easy to attain 
lowpower ization rather than the case where the direction at the time of using an 
organic system EL layer uses an inorganic system EL layer. In addition, in inorganic EL 
light emitting device, since luminescent material cannot be added in a luminous layer, 
control which emits light in arbitrary colors like organic EL Ught emitting device is very 
difficult. 

[0033] Moreover, with this operation form, both the color by the light filter 27 and the 
color by organic EL side light emitting device 12 can be set up, and the difficult color 
specification according to the purpose becomes possible only by the light filter 27. With 
the above-mentioned operation form, although the reflector was smooth mirror-plane 
structure, the reflective cathode electrode 15 can perform a uniform display while the 
angle of visibility of a liquid crystal display will also spread, if the structure of forming 
and scattering detailed irregularity over a reflector is appUed. Moreover, by adding the 
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luminescent material which emits light in the light of arbitrary wavelength regions, 
organic EL side light emitting device is the point which can perform a setup of the 
luminescent color, and is superior to the inorganic EL element. For this reason, in this 
invention, in addition to the composition of the polarizing plate which carries out the 
linearly polarized light, the phase contrast board which carries out ellipticaUy polarized 
light, or liquid crystal, since a foreground color can be set up by the luminescent color of 
organic EL side light emitting device 12, selection of a color with more wide width of 
face is attained. 

[0034] (Operation form 2) Drawing 9 is the cross section showing the operation form 2 of 
the liquid crystal display concerning this invention. With this operation form, it is the 
composition that a diffusion board is not arranged ahead of the liquid crystal display 
panel 13. Especially, with this operation form, since it was referred to as scatter 
reflection cathode electrode 15a which formed the reflective cathode electrode 15 of 
organic EL side light emitting device 12 by the vapor codeposition of magnesium and 
silver, even if a reflector becomes toothing-like and does not use a diffusion board, 
dispersion luminescence of uniform brightness can be performed. In addition, since 
other composition in this operation form is the same as that of the above-mentioned 
operation form 1, the explanation is omitted. 

(Operation form 3) Drawing 10 is the cross section showing the operation form 3 of the 
liquid crystal display concerning this invention. In the Liquid crystal display 11 of this 
operation form, the composition of the liquid crystal display panel 13 is the same as that 
of the above-mentioned operation form 1. The composition of organic EL side light 
emitting device 12 is the composition that have been arranged so that a substrate 14 
may counter the liquid crystal display panel 13 (to anterior), and the anode electrode 19, 
the organic EL layer 18, and the reflective cathode electrode 15 were formed in the rear 
face of a substrate 14 one by one. Especially, with this operation form, a substrate 14 
becomes by the transparent high polymer film, and the thickness is set as 0.2mm or less. 
In addition, the component of the organic EL layer 18 is the same as that of the 
above-mentioned operation form 1, Power consumption of organic EL side light emitting 
device 12 can be made low, and good luminescence of the homogeneity within a field can 
be made to perform like the above-mentioned operation form 1 also in this operation 
form. Furthermore, in this operation form, since the optical path difference of the 
reflected light according to reflection of outdoor daylight in the front face of a substrate 
14 since thickness t of the substrate 14 of organic EL side light emitting device 12 is set 
as 0.2mm or less, and the reflected light in the reflective cathode electrode 15 becomes 
very small, it can suppress that a double image arises. 
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[0035] (Operation form 4) Drawing 11 is the cross section showing the operation form 4 
of the liquid crystal display of this invention. In the liquid crystal display of this 
operation form, the liquid crystal display panel 13 adopts the liquid crystal mode in 
which the back polarizing plate 24 in the above-mentioned operation form 2 is omissible. 
Moreover, as for organic EL side light emitting device 12, it comes to form the anode 
electrode 19, the organic EL layer 18, and reflective cathode electrode 15a in the rear 
face of the back transparent substrate 21 of the liquid crystal display panel 13 one by 
one in one. In addition, it is formed by the electrode -material (for example, 
polycrystalline substance of Mg-Ag) film which has polycrystal structure, and detailed 
irregularity exists in a reflector like the above-mentioned operation form 2, and 
reflective cathode electrode 15a in this operation form prevents specular reflection, and 
an external image is reflected and carries out the thing suppression of it. By having 
considered as such composition, the liquid crystal display 11 which organic EL side light 
emitting device 12 and the liquid crystal display panel 13 unifled is realizable, since 
there is no space where refractive indexes differ in between, a gap of a picture becomes 
smaller, and it can consider as compact structure with a thin shape more. 
[0036] (Operation gestalt 5) Drawing 12 is the cross section showing the operation 
gestalt 5 of the Liquid crystal display of this invention. In the liquid crystal display 11 of 
this operation gestalt, it is the same as that of the operation gestalt 1 which the 
composition of the liquid crystal display panel 13 described above. Organic EL side light 
emitting device 12 is the composition transposed to transparent cathode electrode 15b 
which the reflective cathode electrode 15 of the above-mentioned operation gestalt 1 
becomes with transparent-electrode material. Moreover, the diffuse reflection board 33 
which scatters an incident Hght behind organic EL side light emitting device 12 is 
arranged. Moreover, it has the structure where the diffusion board 41 is not arranged. 
By considering as such composition, as shown in drawing 12 , the liquid crystal display 
panel 13 and organic EL side light emitting device 12 are passed, it is reflected with the 
diffuse reflection board 33, and the incident hght a which is outdoor daylight in the 
state of Ming turns into the reflected light b. At this time, the reflected hght b serves as 
a beam of light of a large number which are scattered about with the diffuse reflection 
board 33 and progress in the many directions instead of a single beam of light in fact. 
For this reason, the homogeneity within a field of the light which carries out incidence 
to the liquid crystal display panel 13 from back can be raised. The display according to 
the orientation of the liquid crystal of the liquid crystal display panel 13 is attained by 
driving organic EL side light emitting device 12, and making the light c for a display 
emit light in the state of dark. In this operation gestalt, if an incident light a hits the 
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front face of the diffuse reflection board 33 as described above, these incident hghts a 
can be scattered about and equalization of the reflected light can be attained. Other 
composition in this operation gestalt is the same as that of the above-mentioned 
operation gestalt 1 and abbreviation. In addition, if a substrate 14 is used as a 
macromolecule resin film, it may be thin compared with glass and may also have little 
attenuation of light. 

[0037] (Operation form 6) Drawing 13 is the cross section showing the operation form 6 
of the liquid crystal display of this invention. In the liquid crystal display 11 of this 
operation form, if the point of having formed the diffusion board 42 instead of the 
diffusion board 41 between the liquid crystal display panel 13 and organic EL side light 
emitting device 12 is removed, it will be the same composition as the operation form 1. 
The layer of a mutually different refractive index is the board by which two or more 
laminatings were carried out, and the diffusion board 42 has the function to diffuse the 
travelhng direction of light, when the light by which incidence was carried out causes 
reflection and transparency by the interface of each class. In the liquid crystal display 
11 of such structiUB, since it is spread with the diffusion board 42 with which the 
incident light a passed the liquid crystal layer 22 and the outgoing radiation light b 
reflected by reflection of the reflective cathode electrode 15 diffuses with the diffusion 
board 42 again when using as a reflected type, while the angle of visibility of a liquid 
crystal display also spreads more, uniform brightness can be displayed from being 
spread doubly. Moreover, since it is once spread also in a penetrated type case, the 
homogeneity within a field of luminescence becomes high and the outstanding display 
can be performed. 

[0038] (Operation gestalt 7) Drawing 14 is the cross section showing the operation 
gestalt 7 of the liquid crystal display of this invention. In the liquid crystal display 11 of 
this operation gestalt, if the liquid crystal display panel 13 removes the point which has 
adopted the liquid crystal mode in which the back polarizing plate 24 is not used, it will 
be the same composition as the operation gestalt 1. With this operation gestalt, since it 
does not have the back polarizing plate 24, outdoor daylight does not penetrate the back 
polarizing plate 24 twice as a reflected type. For this reason, in the use in a reflected 
type and a penetrated type, the difference of the brightness between both is small. 
Moreover, with this operation gestalt, since the polarizing plate was made into one 
sheet, there is an advantage that the permeability of light becomes good more. 
[0039] (Operation gestalt 8) Drawing 15 is the cross section showing the operation 
gestalt 8 of the display of this invention. Shell profile composition of the hquid crystal 
display 11 of this operation gestalt is carried out with the liquid crystal display panel 13 
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and organic EL side light emitting device 12 arranged back relatively. The metal 15 of 
the light reflex nature of a low work function, for example, the reflective cathode 
electrode which becomes by Mgin, is formed on the substrate 14 which the organic EL 
hght emitting device 12 becomes with glass. In addition, it is close to the electron 
affinity of electronic transporting-bed 16 material by which low material has a desirable 
work function and the electron afflnity (eV) is reflected in the level of a minimum sky 
molecular orbital (LUMO) of the material of the electronic transporting bed 16 from a 
viewpoint of electron emission nature as a material of the reflective cathode electrode 15, 
or it is desirable that it is smaller than it. Moreover, the material which has reflection 
nature from a viewpoint of light reflex nature to the light (400nm or more 
electromagnetic wave 80Qnm or less) more is desirable. On the reflective cathode 
electrode 15, the organic EL layer 18 which comes to carry out the laminating of the 
to the electron hole transporting bed 17 where the electronic transporting bed 16 which 
consists of Alq3, and PVCz, BND and luminescent material were intermingled one by 
one is formed. The laminating of the anode electrode 19 is carried out on the organic EL 
layer 18. 

[0040] Luminescent material absorbs the light of a predetermined wavelength region, is 
a dopant which consists of red and photoluminescence (photoluminescence) material 
which emits light green and blue, respectively, and is doped by the electron hole 
transporting bed and/or the electronic transporting bed. As a red dopant, there is DCMl 
and the orange or red luminescence which has a luminescence peak near 600nm as 
shown in drawing 18 is produced. There is a coumarin 6 as a green dopant and green 
luminescence which has a peak in 500nm - 550nm as shown in drawing 18 is shown. 
There is a Quinacridone as other green dopants. As a blue dopant, TPB is applicable. As 
other blue dopants, there are a • screw (2 and 2'-diphenyl vinylene) biphenyl, and 4 and 
4 '4, 4'-screw (2-carbazole) (biphenylene) biphenyl, a tetrapod phenyl butadiene 
derivative, a cyclopentadiene derivative, an OKISA diazole derivative, etc. the spectrum 
of the light filter which about 1 / 100 - 4/100 come out comparatively, and the rate of a 
mole ratio to a PVCz unit unit is mixed, and mentions a red dopant, a green dopant, and 
a blue dopant later, respectively - the amount of dopes is adjusted in accordance with a 
spectrum 

[0041] The liquid crystal display panel 13 is arranged at the external surface side of the 
anode electrode 19 of organic EL side light emitting device 12, and has the structure 
where the liquid crystal layer 22 was made to intervene between the front transparent 
substrates 20 of a couple and the back transparent substrates 21 by which the front 
polarizing plate 23 and the back polarizing plate 24 were formed in both external 
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surface, respectively. The common electrode 25 which has 70% or more of permeability 
in the field of the opposite inside to the light which consists of ITO continues all over a 
viewing area, the &ont transparent substrate 20 is formed, and the last orientation film 
29 which consists of a polyimide by which orientation processing was carried out is 
formed on the common electrode 25. Much TFT31 which is the switching elements 
connected to the pixel electrode 30 which becomes by ITO, and this pixel electrode 30 is 
arranged at the opposite inside side of the back transparent substrate 21 according to 
the pixel array. The array pattern is the matrix array arranged together with the 
direction of a train which intersects perpendicularly with a line writing direction and it. 
It connects with the gate line to which the gate electrode outputs selection voltage, and 
TFT31 is connected to the drain line to which the drain electrode outputs a signal level. 
Pattern formation of the layer insulation film 34 which consists of a silicon nitride is 
carried out, it consists of a polyimide on the pixel electrode 30 and the layer insulation 
film 34, and the back orientation film 32 with which orientation processing was 
performed is formed in the non-pixel field containing these TFT31. 
[0042] In this operation gestalt, the liquid crystal 45 by which initial orientation was 
carried out in the predetermined direction between the last orientation film 29 and the 
back orientation film 32 intervenes. The molecule of liquid crystal 45 is in the state 
which was regulated by the orientation films 29 and 32 and inclined by few pre tUt 
angles to the 29 or 32nd page of the aforementioned orientation film, and is carrj^ng out 
twist orientation of the direction of orientation on the orientation films 29 and 32 in the 
direction predetermined on **10-degree 75-degree twist square toward the substrate 
side of another side from one substrate side. 

[0043] And the value of deltand which is the product of refractive index anisotropy 
deltan of liquid crystal 22, and the liquid crystal thickness d in this liquid crystal 
display 11, According to the electrode 30 of both the substrates 20 and 21 of the liquid 
crystal display panel 13, and the voltage impressed among 25, the color of outgoing 
radiation light in case an incident light is the white light has set up the sense of the 
transparency shaft of the polarizing plates 23 and 24 of a front reverse side couple so 
that it may change to red, green, blue, black, and white at least. 

[0044] Drawing 16 is drawing which looked at the sense of the orientation state of the 
liquid crystal molecule of the above-mentioned hquid crystal display panel 13, and the 
transparency shaft of each polarizing plates 23 and 24 from the front-face side of a 
liquid crystal display 11, and with this operation gestalt, while setting the value of 
deltand of the Hquid crystal display panel 13 as 800nm - llOOnm, polarizing plates 23 
and 24 make the following sense each transparency shaft 23a and 24a, and are 
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arranged. 

[0045] Namely, direction of liquid crystal molecular orientation (direction of rubbing of 
orientation film 32) 21a [ near the one substrate 21 of the liquid crystal display panel 13, 
for example, a substrate, ] like drawing 16 Direction of Hquid crystal molecular 
orientation (direction of rubbing of orientation film 32) 20a [ near the substrate 20 of a 
52.5-degree direction / **5-degree / and another side ] in the clockwise direction to the 
horizontal axis S of the liquid crystal display panel 13 It is in the counterclockwise 
direction in the **5-degree direction of 52.5 degree to the aforementioned horizontal 
axis S, and the liquid crystal molecule is carrying out twist orientation of the twist 
direction in the clockwise direction on **10-degree 75-degree twist square toward the 
substrate 20 from the substrate 21, as the dashed line arrow showed. 
[0046] If direction of liquid crystal molecular orientation 21a [ near the substrate 21 of 
the liquid crystal display panel 13 ] is made into a 0-degree direction, and transparency 
shaft 24a of the polarizing plate 24 which counters the substrate 21 of the liquid crystal 
display panel 13 It is in the twist direction and opposite direction of the aforementioned 
liquid crystal molecule in the **3-degree direction of 52.5 degree, and transparency 
shaft 23a of the polarizing plate 23 which counters the substrate 20 of the liquid crystal 
display panel 13 is in the aforementioned twist direction and an opposite direction in 
the **3-degree direction of 47.5 degree. 

[0047] The liquid crystal display 11 of this operation gestalt is what colors light using a 
birefringence operation of the liquid crystal layer of the liquid crystal display panel 13, 
and the polarization of the polarizing plates 23 and 24 of a couple. The linearly 
polarized light which penetrated and carried out incidence of the front polarizing plate 
23 in this liquid crystal display 11 A polarization state is changeable in the process 
which passes along the liquid crystal display panel 13 with a birefringence operation of 
the liquid crystal layer, and each wavelength light turns into light used as the 
ellipticaUy polarized light from which a polarization state differs, respectively, and 
carries out incidence to the back polarizing plate 24. The light which penetrated the 
polarizing plate 24 after this turns into coloring Ught of a color according to the ratio of 
the optical intensity of each wavelength light which constitutes the light, and it is 
reflected by the reflective cathode electrode 15, and this coloring light penetrates the 
aforementioned polarizing plate 24, the liquid crystal display panel 13, and the front 
polarizing plate 23 in order, and carries out outgoing radiation to the front-face side of a 
liquid crystal display. 

[0048] In addition, the light reflected by the reflective cathode electrode 15 is the 
process which carries out outgoing radiation to a front-face side, and in order for the 
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liquid crystal layer 22 of the liquid crystal display panel 13 to receive a birefringence 
operation in a path contrary to the time of incidence, to become the almost same linearly 
polarized light as the time of incidence and to carry out incidence to a polarizing plate 
23, the light which penetrates and carries out outgoing radiation of this polarizing plate 
23 is the light reflected by the reflective cathode electrode 15, and a coloring light which 
hardly changes. 

[0049] And since a birefringence operation of the liquid crystal layer of the 
aforementioned liquid crystal display panel 13 changes with the change of the 
orientation state of a liquid crystal molecule according to the applied voltage to this 
liquid crystal layer and the polarization state of the light which carries out incidence to 
the back polarizing plate 24 in connection with it changes, coloring of light changes 
according to the ratio of the optical intensity of each wavelength light which penetrates 
a polarizing plate 24 after this. 

[0050] Namely, if voltage is impressed between the electrode 25 of the liquid crystal 
display panel 13, and 30, although a birefringence operation of a liquid crystal layer will 
become small along with starting and carrying out orientation and the start angle of 
this liquid crystal molecule becoming large, a liquid crystal molecule maintaining a 
twist orientation state If a bire&ingence operation of the liquid crystal layer of the 
liquid crystal display panel 13 changes, since the polarization state of the Ught which 
penetrates the liquid crystal display panel 13 and carries out incidence to the back 
polarizing plate 24 will change. Coloring of light changes according to the ratio of the 
optical intensity of each wavelength light which penetrates a polarizing plate 24 after 
this, it is reflected by the reflective cathode electrode 16, and the light carries out 
outgoing radiation to the front-face side of the liquid crystal display panel 13. 
[0051] Thus, according to an electrode 25 and the voltage impressed among 30, the color 
of the outgoing radiation light of this liquid crystal display 11, i.e., a foreground color, 
changes. The color which can be displayed by one pixel of this liquid crystal display 11 
contains all of red, green, and blue in three primary colors, the black which is an almost 
colorless dark display, and the white which is the almost colorless Ming display. 
[0052] Drawing 17 is the a*-b* chromaticity diagram showing change of the foreground 
color of the liquid crystal display 11 of this operation gestalt. In order of the direction of 
an arrow, i.e., (Red R) -> (green G) > (blue B) -> black -> white, as shown in this 
drawing, in the electrode 25 of the liquid crystal display panel 13, and the initial state 
which is not impressing voltage among 30, the foreground color of the above-mentioned 
liquid crystal display 11 is a color near purple OP), and changes in connection with 
making high an electrode 25 and voltage impressed among 30. Each foreground color of 



-22- 



JP10-253959A 



these red, green, blue, and black and white is a clear color with high color purity. 
[0053] Moreover, when the rate of outgoing radiation in a black display state is set to R 
(min) and the rate of outgoing radiation in a white display state is set to R (TV) in the 
time of R (5V) and applied voltage being 7V in the time of applied voltage being 5V, the 
rate of outgoing radiation of the above-mentioned electrochromatic display display is 
R(7V) = 29.55% with a% [ R(5V) = 22.85% 1 of R(min) = 2.78%. 

[0054] And the contrast CR of a display of the black in the above-mentioned Uquid 
crystal display 11, and white If contrast when setting applied voltage for displaying CR 
(5V) and white for the contrast when setting applied voltage for displaying white to 5V 
to 7V is set to CR (7V) It is CR(5V) =8.22CR(7V) =10.63, and even when applied voltage 
for, of course displaying white when applied voltage for displaying white is set to TV is 
set to 5V, contrast high enough is acquired. 

[0055] The molecide of the liquid crystal 45 of the liquid crystal display panel 13 is 
carrying out twist orientation of such a foreground color and contrast in the direction 
predetermined on **10-degree T5-degree twist square toward the substrate 20 side from 
the substrate 21 side. While the value of deltand of this liquid crystal display panel 13 is 
800nm - llOOnm When direction of orientation 21a of a liquid crystal molecule [ near 
the substrate 21 ] is made into a 0- degree direction. Transparency shaft 24a of a 
polarizing plate 24 to the twist direction and opposite direction of a liquid crystal 
molecule The **3-degree direction of 52.5 degree, Display quality becomes bad in the 
order of contrast and a foreground color as the degree will become large, if transparency 
shaft 23a of a polarizing plate 23 is obtained by the aforementioned twist direction and 
the opposite direction a condition [ being set up in the **3 degree direction of 4T.5 
degree ] and these conditions have the aforementioned range removed. 
[0056] Therefore, while coloring light according to this liquid crystal display 11, without 
using a light filter, two or more colors by the same pixel are displayed, moreover, while 
making contrast high, the three primary colors of the white which is the foundations of 
a display, black and red, green, and blue can be displayed, and clear and rich multicolor 
color display of color can be realized. 

[0057] Moreover, when using as a penetrated type, as the conventional ECB liquid 
crystal display was shown in drawing 34 , the rate of outgoing radiation changed with 
foreground colors. Compared with other colors, brightness could not check especially 
blue by looking easily low. Although a coumarin 6 can be applied as DCMl and a green 
dopant, TPB can be applied as a blue dopant as a red dopant and white luminescence 
can be carried out in organic EL side light emitting device 12, if the mixing ratio of a 
dopant is applied so that light may be emitted in blue white, blue brightness becomes 
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high relatively and brightness balance to each color can be made good. Thus, since the 
luminescent material which emits light in each color can be set up arbitrarily, the color 
and brightness of a foreground color according to the purpose are controllable by organic 
EL side light emitting device 12. In addition, since this operation gestalt smell has the 
anode electrode 19 and the organic EL layer 18 above a substrate 14, generating of the 
double image resulting firom reflection by the interface of a substrate 14 can be 
prevented. Moreover, since the thickness of the anode electrode 19 and the organic EL 
layer 18 can set up very thinly, it can also be suppressed that originate in such 
thickness and a double image arises. 

[0058] (Operation gestalt 9) Drawing 19 - drawing 21 show the operation gestalt 9 of 
this invention, and drawing 19 is the cross section of the liquid crystal display 11 of this 
operation gestalt. Shell profile composition of the display 11 of this operation gestalt is 
carried out with the Liquid crystal display panel 13 and organic EL side light emitting 
device 12 arranged back relatively. The liquid crystal display panel 13 has the structure 
where the liquid crystal layer 45 intervened between the front transparent substrate 20 
of a couple, and the back transparent substrate 21, the phase contrast board 49 has 
been arranged at the lateral surface of the front transparent substrate 20, the front 
polarizing plate 23 has been arranged at the superficies side of the phase contrast board 
49, and the back polarizing plate 24 has been arranged at the superficies side of the 
back transparent substrate 21. And the diffusion board 41 is arranged ahead of this 
Uquid crystal display panel 13. 

[0059] The last orientation film 29 with which the above-mentioned front transparent 
substrate 20 consists of a polyimide by which the common electrode 25 which has 70% 
or more of permeabihty in the field of the opposite inside to the light which consists of 
ITO was formed over the whole viewing-area surface, and orientation processing was 
carried out on the common electrode 25 is formed. Much TFT31 which is the switching 
elements connected to the pixel electrode 30 and the pixel electrode 30 which become by 
ITO is arranged at the opposite inside side of the back transparent substrate 21 
according to the pixel array. The array pattern is the matrix array arranged together 
with the direction of a train which intersects perpendicularly with a line writing 
direction and it. It connects with the gate line to which the gate electrode outputs 
selection voltage, and TFT31 is connected to the drain hne to which the drain electrode 
outputs a signal level. Pattern formation of the layer insulation film 34 which consists 
of a silicon nitride is carried out, it consists of a polyimide on the pixel electrode 30 and 
the layer insulation film 34, and the back orientation film 32 with which orientation 
processing was performed is formed in the non-pixel field containing these TFT31. 
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Between the last orientation film 29 and the back orientation film 32, the Hquid crystal 
layer 45 by which initial orientation was carried out in the predetermined direction 
intervenes. 

[0060] In the liquid crystal display 11 of this operation gestalt The value of deltand of 
the liquid crystal layer 45 closed by the liquid crystal display panel 13 interior, and the 
value of the retardation of the phase contrast board 49, According to an electrode 25 and 
the voltage impressed among 30, the color of outgoing radiation light in case an incident 
light is the white light has set up the sense of the transparency shaft of the polarizing 
plates 23 and 24 of a front reverse side couple, and the lagging axis of the phase contrast 
board 49 so that it may change to red, green, blue, black, and white at least. 
[0061] Drawing 20 is drawing which looked at the sense of the orientation state of the 
closed liquid crystal molecule, the transparency shaft of each polarizing plates 23 and 
24, and the lagging axis of the phase contrast board 49 from the screen side of display 11. 
with this operation gestalt While setting the value of 75 degrees **3 degrees and 
deltand as 800nm - llOOnm for the twist angle of a liquid crystal molecule and using 
that whose value of a retardation is 60nm**20nm as a phase contrast board 49 The 
transparency shafts 23a and 24a were made into the following sense, before and the 
back polarizing plates 23 and 24 have been arranged, the lagging-axis 49a was made 
into the following sense, and the aforementioned phase contrast board 49 is arranged. 
[0062] Namely, direction of hquid crystal molecular orientation 21a [ near one substrate 
21, for example, a back transparent substrate, ] like drawing 20 Direction of liquid 
crystal molecular orientation 20a [ near the front transparent substrate 20 of a 
52.6-degree direction / **5- degree / and another side ] in the clockwise direction to the 
horizontal axis S of the liquid crystal display panel 13 It is in the counterclockwise 
direction in the **5-degree direction of 52.5 degree to the aforementioned horizontal 
axis S, and the liquid crystal molecule is carrying out twist orientation of the twist 
direction in the clockwise direction on **10-degree 75-degree twist square toward the 
front- face side substrate 20 from the rear-face side substrate 21, as the dashed line 
arrow showed. 

[0063] If direction of liquid crystal molecular orientation 21a [ near the rear- face side 
substrate 21 ] is made into a 0-degree direction, and transparency shaft 24a of the back 
polarizing plate 24 which counters the rear- face side substrate 21 Transparency shaft 
23a of the front polarizing plate 23 which is in the twist direction and opposite direction 
of the aforementioned liquid crystal molecule in the **3-degree direction of 52.5 degree, 
and counters the firont-face side substrate 20 It is in the aforementioned twist direction 
and an opposite direction in the **3-degree direction of 60.5 degree, and lagging-axis 
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49a of the phase contrast board 49 is in the aforementioned twist direction and an 
opposite direction in the **3-degree direction of 52.5 degree further. 
[0064] The display 11 of this operation gestalt is what colors light using a birefringence 
operation of the liquid crystal layer of the liquid crystal display panel 13 and a 
birefringence operation of the phase contrast board 49, and the polarization of the 
polarizing plates 23 and 24 of a couple. The linearly polarized light which penetrated 
and carried out incidence of the front polarizing plate 23 in this electrochromatic 
display display A polarization state is changeable with a birefringence operation of the 
aforementioned phase contrast board 49 and a birefringence operation of liquid crystal 
45 in the process which passes along the phase contrast board 49 and the liquid crystal 
layer 45, and each wavelength light turns into light used as the elliptically polarized 
light from which a polarization state differs, respectively, and carries out incidence to 
the back polarizing plate 24. The light which penetrated the polarizing plate 24 after 
this turns into coloring Hght of a color according to the ratio of the optical intensity of 
each wavelength light which constitutes the light. It is reflected by the reflective 
cathode electrode 15, and this coloring light penetrates the aforementioned background 
polarizing plate 24, liquid crystal 45, the phase contrast board 49, and the front 
polarizing plate 23 in order, and carries out outgoing radiation to the front-face side of a 
liquid crystal display. 

[0065] In addition, the light reflected by the reflective cathode electrode 15 is the 
process which carries out outgoing radiation to a front-face side, and in order for the 
liquid crystal layer 45 and the phase contrast board 49 to receive a birefringence 
operation in a path contrary to the time of incidence, to become the almost same linearly 
polarized light as the time of incidence and to carry out incidence to the front polarizing 
plate 23, the light which penetrates and carries out outgoing radiation of this side-front 
polarizing plate 23 is the light reflected by the reflective cathode electrode 15, and a 
coloring light which hardly changes 

[0066] And since a birefringence operation of the liquid crystal layer 45 changes with 
the change of the orientation state of a liquid crystal molecule according to the applied 
voltage to this liquid crystal 45 and the polarization state of the light which carries out 
incidence to the back polarizing plate 24 in connection with it changes, Coloring of light 
changes according to the ratio of the optical intensity of each wavelength light which 
penetrates a polarizing plate 24 after this, it is reflected by the reflective cathode 
electrode 15, and the light carries out outgoing radiation to the front-face side of a liquid 
crystal display 11. 

[0067] Therefore, according to an electrode 30 and the voltage impressed among 25, the 
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color of the outgoing radiation light of this liquid crystal display 11, i.e., a foreground 
color, changes. The color which can be displayed by one pixel of this liquid crystal 
display 11 contains all of red, green, and blue in three primary colors, the black which is 
an almost colorless dark display, and the white which is the almost colorless Ming 
display. 

[0068] Drawing 21 is the a*-b* chromaticity diagram showing change of the foreground 
color of a liquid crystal display 11. As shown in this drawing, between an electrode 25 
and 30, by voltage and the initial state which is not impressed, the foreground color of a 
liquid crystal display 11 is a color near purple (P), and changes in order of (Red R) -> 
(green G) -> (blue B) -> black -> white in connection with making high applied voltage 
between an electrode 25 and 30. Each foreground color of these red, green, blue, and 
black and white is a clear color with high color purity. 

[0069] Moreover, when the rate of outgoing radiation of the display state of the black in 
the liquid crystal display 11 of this operation gestalt is set to R (min) and the rate of 
outgoing radiation in a white display state is set to R (7V) in the time of R (5V) and 
applied voltage being 7V in the time of applied voltage being 5V, the rate of outgoing 
radiation of this electrochromatic display display is R(7V) = 28.91% with a% [ R(5V) = 
23.64% ] 

[0070] And the contrast CR of a display of the black in this electrochromatic display 
display, and white If contrast when setting applied voltage for displaying CR (6V) and 
white for the contrast when setting applied voltage for displaying white to 5V to TV is 
set to CR (7V) It is CR(5V) =7.16CR(7V) =8,76, and even when applied voltage for, of 
course displaying white when applied voltage for displaying white is set to 7V is set to 
5V, contrast high enough is acquired. 

[0071] Therefore, while coloring Ught according to this liquid crystal display 11, without 
using a light filter, two or more colors by the same pixel are displayed, moreover, while 
making contrast high, the three primary colors of the white which is the foundations of 
a display, black and red, green, and blue can be displayed, and clear and rich multicolor 
color display of color can be realized. 

[0072] In addition, with the above-mentioned operation gestalt 8, although 
transparency shaft 23a of the front polarizing plate 23 was set up in the **3-degree 
direction of 52.5 degree to the 0-degree direction hke drawing 20 , lagging-axis 49a of a 
60.5-degree direction [ **3-degree ] and the phase contrast board 49 The value of 75 
degrees **3 degrees and deltand for the twist angle of a liquid crystal molecule like this 
operation gestalt 800nm ■ llOOnm, When setting the value of the retardation of the 
phase contrast board 49 to 60nm**20nm and setting transparency shaft 24a of the back 
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polarizing plate 24 as the twist direction and opposite direction of the aforementioned 
liquid crystal molecule in the **3-degree direction of 52.5 degree, it receives in the 0 
aforementioned degree direction. Transparency shaft 23a of the &ont polarizing plate 23 
to the twist direction and opposite direction of a liquid crystal molecule The direction of 
the 51.5-degree **3 degrees - 60.5 degree range of **3 degrees, If lagging- axis 49a of the 
phase contrast board 49 is in the aforementioned twist direction and an opposite 
direction in the direction of the 42.5-degree **3 degrees • 52.5 degree range of **3 
degrees, white, black and red, green, and blue can be displayed by high color purity. 
Moreover, in this operation gestalt, since the diffusion board 41 is arranged ahead of the 
liquid crystal display panel 13, in connection with the specular reflection in the 
reflective cathode electrode 15, a reflect liunp of an external image and generating of a 
double image can be suppressed. Moreover, homogeneity within a fleld of the Ught 
generated in organic EL side light emitting device 12 can be made high with the 
diffusion board 41. 

[0073] (Operation form 10) The operation form 10 is explained below. VHth this 
operation form, if a liquid crystal display 11 removes the direction of transparency shaft 
23a of the front polarizing plate 23, and the direction of lagging-axis 49a of the phase 
contrast board 49, it will be the same composition as the above-mentioned operation 
form 9. 

[0074] Drawing 22 shows the operation form 10 of this invention, and is drawing which 
looked at the sense of the orientation state of the liquid crystal molecule of the liquid 
crystal display panel 13, the transparency shafts 23a and 24a of each polarizing plates 
23 and 24, and the lagging axis of the phase contrast board 49 from the display side of 
display 11. With this operation form, it receives in the O degree direction (direction of 
liquid crystal molecular orientation 21a [ near the back transparent substrate 21 ]). 
Transparency shaft 23a of the front polarizing plate 23 to the twist direction and 
opposite direction of a liquid crystal molecule The **3-degree direction of 51.5 degree, 
Lagging- axis 49a of the phase contrast board 49 is made into the aforementioned twist 
direction and an opposite direction in the **3-degree direction of 42.5 degree, and the 
sense of the directions [ near both the substrates 20 and 21 ] 21a and 20a of liquid 
crystal molecular orientation and transparency shaft 24a of the back polarizing plate 24 
is the same as drawing 20 . 

[0075] Drawing 23 is the a*-b* chroma ticity diagram showing change of the foreground 
color of the liquid crystal display 11 by this operation form, and changes in order of (Eled 
R) •> (green G) -> (blue B) -> black -> white in connection with the foregroimd color of 
this liquid crystal display 11 making high applied voltage between an electrode 25 and 
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30. Each foreground color of these red, green, blue, and black and white is a clear color 
with high color purity. 

[0076] Moreover, the rate of outgoing radiation of the light in this hquid crystal display 

11 is R(7V) = 30.60% with a% [ R(5V) = 24.08% ] of R(min) = 2.76%. 

[0077] And CR (7V) is CR(5V) =8.72CR(7V) =11.09 about the contrast when setting 

applied voltage for displaying CR (5V) and white for the contrast when setting applied 

voltage for displaying white in this liquid crystal display 11 to 5V to 7V. 

[0078] Also in this operation form, since the diffusion board 41 is arranged ahead of the 

liquid crystal display panel 13, in connection with the specular reflection in the 

reflective cathode electrode 15, a reflect lump of an external image and generating of a 

double image can be suppressed. Moreover, homogeneity within a field of the Ught 

generated in organic EL side light emitting device 12 can be made high with the 

diffusion board 41. 

[0079] (Operation form 11) Drawing 24 and drawing 25 show the operation form 11 of 
this invention. With this operation form, if a liquid crystal display 11 removes the 
direction of transparency shaft 23a of the front polarizing plate 23, the direction of 
lagging-axis 49a of the phase contrast board 49, and the direction of transparency shaft 
24a of a polarizing plate 24, it will be the same composition as the above-mentioned 
operation form 9. Transparency shaft 23a [ in / the liquid crystal display 11 of this 
operation form / in drawing 24 ] of the orientation state of the molecule of the Hquid 
crystal layer 45, and each polarizing plates 23 and 24, It is drawing which looked at the 
sense of 24a and lagging-axis 49a of the phase contrast board 49 from the front-face side 
of a liquid crystal display 11. with this operation form While setting the value of 75 
degrees **3 degrees and deltand as SOOnm - llOOnm for the twist angle of a liquid 
crystal molecule and using that whose value of a retardation is 60nm**20nm as a phase 
contrast board 49 The transparency shafts 23a and 24a were made into the following 
sense, before and the back polarizing plates 23 and 24 have been arranged, the 
lagging-axis 49a was made into the following sense, and the aforementioned phase 
contrast board 49 is arranged. 

[0080] Namely, direction of liquid crystal molecular orientation 21a [ near one substrate 
21, for example, a back transparent substrate, ] like drawing 24 Direction of liquid 
crystal molecular orientation 20a [ near the front transparent substrate 20 of a 
52.5-degree direction / **5-degree / and another side ] in the clockwise direction to the 
horizontal axis S of the liquid crystal display panel 13 It is in the counterclockwise 
direction in the **5-degree direction of 52.5 degree to the aforementioned horizontal 
axis S, and the liquid crystal molecule is carrying out twist orientation of the twist 
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direction in the clockwise direction on **10-degree 75-degree twist square toward the 
front transparent substrate 20 from the back transparent substrate 21, as the dashed 
line arrow showed. 

[0081] If direction of liquid crystal molecular orientation 21a [ near the back 
transparent substrate 21 ] is made into a 0-degree direction, and transparency shaft 24a 
of the back polarizing plate 24 which counters the back transparent substrate 21 
Transparency shaft 23a of the front polarizing plate 23 which is in the twist direction 
and opposite direction of the aforementioned Uquid crystal molecule in the **3-degree 
direction of 47.5 degree, and counters the firont-face side substrate 20 It is in the 
aforementioned twist direction and an opposite direction in the **3'degree direction of 
36.5 degree, and lagging-axis 49a of the phase contrast board 49 is in the 
aforementioned twist direction and an opposite direction in the **3-degree direction of 
138.5 degree further. 

[0082] The color which colors light and can display the liquid crystal display 11 of this 
operation form by one pixel of this electrochromatic display display using a 
birefringence operation of liquid crystal 45 and a birefringence operation of the phase 
contrast board 49, and the polarization of the polarizing plates 23 and 24 of a couple 
also contains all of red, green, and blue in three primary colors, the black which is an 
almost colorless dark display, and the white which is the almost colorless Ming display. 
[0083] Drawing 25 is the a* b* chromaticity diagram showing change of the foreground 
color of a liquid crystal display 11. Like this drawing 25 , between an electrode 25 and 
30, the foreground color of a liquid crystal display 11 is a color near purple (P), and 
changes in order of (Red R) > (green G) ■> (blue B) > black > white in connection with 
making high applied voltage between an electrode 25 and 30 by voltage and the initial 
state which is not impressed. Each foreground color of these red, green, blue, and black 
and white is a clear color with high color purity. 

[0084] Moreover, when the rate of outgoing radiation of the display state of the black in 
the hquid crystal display 11 of this operation form is set to R (min) and the rate of 
outgoing radiation in a white display state is set to R (7V) in the time of R (5V) and 
applied voltage being 7V in the time of applied voltage being 5y the rate of outgoing 
radiation of this electrochromatic display display is R(7V) = 28.35% with a% [ R(5V) = 
22.37% ] 

[0085] And the contrast CR of a display of the black in this liquid crystal display 11, and 
white If contrast when setting applied voltage for displaying CR (5V) and white for the 
contrast when setting applied voltage for displaying white to 5V to 7V is set to CR (7V) 
It is CR(5V) =12.09CR(7V) =15.32, and even when applied voltage for, of course 
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displaying white when applied voltage for displaying white is set to 7V is set to SV, 
contrast high enough is acquired. 

[0086] Namely, the Uquid crystal display 11 of this operation gestalt While arranging 
one phase contrast board 49 between one polarizing plate 23 of the polarizing plates 23 
and 24 of the couple arranged on both sides of substrates 20 and 21 (this operation 
gestalt front polarizing plate), and a substrate 20 The twist angle of a liquid crystal 
molecule is made into 75 degrees **10 degrees, further the value of deltand of liquid 
crystal 45 SOOnm - llOOnm, The red at the time of setting the value of the retardation of 
the phase contrast board 49 to 60nm**20nm, According to this liquid crystal display 11, 
the arrangement conditions of the polarizing plates 23 and 24 with which the 
foreground color of green, blue, black, and white is obtained, and the phase contrast 
board 49 based on existing besides the conditions of the above-mentioned operation 
gestalten 9 and 10 While coloring hght, without using a light filter, two or more colors 
by the same pixel are displayed, moreover, while making contrast high, the three 
primary colors of the white which is the foundations of a display, black and red, green, 
and blue can be displayed, and clear and rich multicolor color display of color can be 
reaUzed. 

[0087] (Operation gestalt 12) Drawing 26 is the cross section showing the operation 
gestalt 12 of the liquid crystal display of this invention. 11 in the said drawing is display 
and is the same composition as the liquid crystal display panel 13, organic EL side light 
emitting device 12, and the operation gestalt 8 described above when removing the 
point which shell profile composition is carried out and does not have the back 
polarizing plate 24. In the Uquid crystal display 11 of such structure, since the 
polarizing plate is made into one sheet, while it is good opaque and the whole brightness 
becomes high, the difference of the brightness in a reflected type and a penetrated type 
can be made small. 

[0088] When an ECB type liquid crystal display like the above-mentioned operation 
gestalten 8-12 was used as a penetrated type, as shown in drawing 34 , the rate of 
outgoing radiation changed with foreground colors. Compared with other colors, 
brightness could not check especially blue by looking easily low. Although a coumarin 6 
can be applied as DCMl and a green dopant, TPB can be applied as a blue dopant, for 
example as a red dopant and white luminescence can be carried out in organic EL side 
light emitting device 12 of the above-mentioned operation gestalten 8-12, if the mixing 
ratio of a dopant is applied so that light may be emitted in blue white, blue brightness 
becomes high relatively and brightness balance to each color can be made good. Thus, 
since the luminescent material which emits light in each color can be set up arbitrarily, 
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the color and brightness of a foreground color according to the purpose are controllable 
by organic EL side light emitting device 12. Moreover, it becomes possible by arranging 
a diffusion board suitably to the liquid crystal display 11 of the above-mentioned 
operation gestalten 8-12 to perform the high display of the homogeneity within a field. 
[0089] (Operation gestalt 13) Drawing 27 is the cross section showing the operation 
gestalt 13 of the liquid crystal display of this invention. 11 in the said drawing is display 
and shell profile composition is carried out with the liquid crystal display panel 13 and 
organic EL side light emitting device 12. The liquid crystal display panel 13 is arranged 
at the superficies side of the anode electrode 19 of organic EL side light emitting device 
12, and has structure which enclosed liquid crystal 45 between the front transparent 
substrate 20 of a couple, and the back transparent substrate 21. The last orientation 
film 29 with which the front transparent substrate 20 consists of a polyimide by which 
the common electrode 25 which has 70% or more of permeability in the field of the 
opposite inside to the light which consists of ITO was formed over the whole 
viewing-area surface, and orientation processing was carried out on the common 
electrode 25 is formed. Much TFr31 which is the switching elements connected to the 
pixel electrode 30 and the pixel electrode 30 which become by ITO is arranged at the 
opposite inside side of the back transparent substrate 21 according to the pixel array. 
The array pattern is the matrix array arranged together with the direction of a train 
which intersects perpendicvdarly with a line writing direction and it. It connects with 
the gate line to which the gate electrode outputs selection voltage, and TFT31 is 
connected to the drain line to which the drain electrode outputs a signal level. Pattern 
formation of the layer insulation film 34 which consists of a silicon nitride is carried out, 
it consists of a polyimide on the pixel electrode 30 and the layer insulation film 34, and 
the back orientation film 32 with which orientation processing was performed is formed 
in the non-pixel field containing these TFT31. Between the last orientation film 29 and 
the back orientation film 32, the liquid crystal layer 45 by which initial orientation was 
carried out in the predetermined direction intervenes. 

[0090] the liquid crystal layer 45 can be chosen from the so-called PCGH liquid crystal 
which made phase transition (cholesteric - nematic) type liquid crystal add a 
dichromatic dye, PD (macromolecule distributed type) liquid crystal, PD Uquid crystal, 
etc. With a liquid crystal display 11, since all [ a polarizing plate and a light filter ], 
while the difference of the brightness between a reflected type and a penetrated type 
becomes smaller, high brightness can such be displayed. 

[0091] Although constituted fi-om the liquid crystal display panel 13 and organic EL side 
light emitting device 12 by the above-mentioned operation gestalten 1-13, you may be 
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the structure which has arranged the optical travelling- direction control strip 53 as 
shown in drawing 28 (a) and (b) between the liquid crystal display panel 13 of the liquid 
crystal display 11 of these operation gestalt, and organic EL side light emitting device 
12. The optical travelling-direction control strip 53 consists of light-transmission nature 
material, such as a polycarbonate, polyester, and the poly acrylic, and the refractive 
index is set as 1.3-1.4. Moreover, an opposed face side with the liquid crystal display 
panel 13 is given in the shape of [ which is regularly irregular ] a micro triqueter, and 
the optical travelling-direction control strip 53 has a plane structure with a smooth 
opposed face side with organic EL side light emitting device 12. It is set up with the tilt 
angle theta between the smooth side of micro prism, and an incUned plane, and theta'. 
here the incident angle of the light to the optical travelling-direction control strip 53 
The shaft of the direction of a normal by the side of the screen of the screen of the liquid 
crystal display panel 13 or the shaft of the direction of a normal by the side of the liquid 
crystal display panel 13 of the smooth base of a control strip 53 is made into 0 degree, 
and it is an inclination to + (degree) and an opposite direction about the inclination by 
the side of the tilt angle between the smooth side of micro prism, and an inclined plane. 
- It defines by (degree). If a tilt angle is set as 25 degrees, the incident light X whose 
incident angle at the time of a reflected type is -t-30 degrees can carry out outgoing 
radiation as an outgoing radiation light which is 0 degree. In addition, drawing 29 
shows the relation of the angle of an incident light and the angle of outgoing radiation 
light to which the degree of tilt angle of the optical travelling-direction control strip 53 
responded. 

[0092] (Operation gestalt 14) Drawing 30 is the cross section showing the operation 
gestalt 14 of the liquid crystal display of this invention. This liquid crystal display 11 
forms organic EL side light emitting device 12 in the front-face side of the back 
transparent substrate 21 which constitutes the liquid crystal display panel 13. 
Moreover, in the liquid crystal display panel 13, the liquid crystal mode which is not 
equipped with the back polarizing plate 24 is adopted. In addition, since other 
composition is the same as that of the above-mentioned operation gestalt 1, the 
explanation is omitted. In this operation gestalt, since the transparent substrate for EL 
by the side of organic EL side light emitting device 12 is omissible, thin shape-ization of 
the whole equipment can be attained. 

[0093] (Operation gestalt 15) Drawing 31 is the cross section showing the operation 
gestalt 15 of the liquid crystal display of this invention. As the liquid crystal display 11 
of this operation gestalt is shown in this drawing, the pixel electrode 30 and TFT31 are 
formed in the rear face of the front transparent substrate 20, and the last orientation 
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film 29 is formed so that these may be covered. Moreover, the laminating of the 
reflective cathode electrode 15, the organic EL layer 18, and the anode electrode 19 is 
carried out to the front face of the back transparent substrate 21 one by one, and the 
back orientation film 32 is formed on the anode electrode 19. The liquid crystal layer 22 
intervenes between the last orientation film 29 of the these front transparent substrate 
20, and the back orientation film 32 of the back transparent substrate 21. In addition, 
guest host liquid crystal mode is used in this operation gestalt. Moreover, ahead of the 
front transparent substrate 20, the front polarizing plate 23 and the diffusion board 41 
are arranged. In this operation gestalt, the anode electrode 19 of organic EL side Ught 
emitting device 12 serves also as the function as a common electrode of the liquid crystal 
display panel 13. 

[0094] In this operation gestalt, since organic EL side light emitting device 12 is formed 
behind the liquid crystal layer 22 in the front face of the back transparent substrate 21, 
thin shape -ization of equipment can be attained. Moreover, since the diffusion board 41 
is arranged ahead, it can suppress that a reflect lump and double image of an external 
image occur. Moreover, since TFT31 is formed in a different front transparent substrate 
20 from the back transparent substrate 21 in which organic EL side light emitting 
device 12 was formed, even if it performs heat-treatment exceeding the glass transition 
temperature of organic EL layer of 300 degrees C or more with TFT formation, organic 
EL layer does not heat- deteriorate. 

[0095] (Operation gestalt 16) Drawing 32 is the cross section showing the operation 
gestalt 16 of the liquid crystal display of this invention. With this operation gestalt, the 
reflective cathode electrode 15 is replaced by scatter reflection cathode electrode 15a 
which makes the scatter reflection of light start and which becomes by Mg-Ag with 
polycrystal structure. Moreover, in this operation gestalt, it does not have the diffusion 
board 41. Other composition in this operation gestalt is the same as that of the liquid 
crystal display 11 of the above-mentioned operation gestalt 15. Thus, since scatter 
reflection cathode electrode 15a can carry out scatter reflection of the outdoor daylight, 
also in this operation gestalt, a reflect lump of an external image and generating of a 
double image can be suppressed. In addition, with the above-mentioned operation 
gestalten 14- 16, the load of physical stress does not need to require for organic EL side 
light emitting device 12 the direction of PDLC (polymer dispersed liquid crystal) which 
is the liquid crystal mode in which orientation processing of rubbing etc, is not 
performed to the orientation film formed in the substrate by the side of organic EL side 
light emitting device 12 at least. 

[0096] As mentioned above, although the operation gestalt 1 - the operation gestalt 16 
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were explained, various kinds of change which is not limited to these and accompanies 
the summary of composition is possible for this invention. For example, liquid crystal 
mode can apply various kinds of liquid crystal modes, such as TN liquid crystal mode, 
the STN LCD mode, guest host (GH) liquid crystal mode, PC (phase transition) mode in 
which a polarizing plate is not used, PDLC (polymer dispersed liquid crystal) mode, 
PDLC/GH mode, cholesteric-liquid-crystal mode, and PC liquid crystal / GH mode, to 
the liquid crystal display panel 13. It is possible to also change suitably composition of a 
liquid crystal display panel, such as existence of a light filter and existence of a 
polarizing plate, corresponding to such liquid crystal mode. 

[0097] Moreover, although considered as the composition which joined the electron hole 
transporting bed 17 which becomes about the organic EL layer 18 by the electronic 
transporting bed 16 which becomes by Alq3 as an example, and PVCz, BND and white 
luminescent material with each above-mentioned operation gestalt, it is also possible to 
consider as the electroluminescence layer of a monolayer and the electroluminescence 
layer of the structure of three or more layers using other organic EL material. 
[0098] In this invention as a reflective cathode electrode 15 Furthermore, a Magnesium 
alloy, the scandium (Sc -•) which are a hafnium (Hf, 3.63eV of work functions), and rare 
earth elements 3.5eV of work functions, an yttrium (Y, 3.1eV of work functions), A 
lanthanum (La, 3.5eV of work functions), a cerium (Ce, 2.9eV of work functions), A 
praseodymium (Pr), neodymium (Nd, 3.2eV of work functions), a promethium (Pm), 
Samarium (Sm, 2.7eV of work functions), a europium (Eu, 2.5eV of work functions), A 
gadolinium (Gd, 3.1eV of work functions), a terbium (Tb, work function), A dysprosium 
(Dy), HORUMOEMU (Ho), an erbium (Er, 2.97eV of work functions), a thulium (the 
alloy containing the simple substances and these elements of Tm, an ytterbium (Yb, 
2.6eV of work functions), and a lutetium (Lu) etc. can be used.) Furthermore, although 
the Mg-Ag film with polycrystal structiu-e was used as scatter reflection cathode 
electrode 15a as the operation gestalt 5 and the operation gestalt 16 explained, it is also 
possible [ it is using aluminum which has bamboo structure, for example, and ] to form 
in a front face easily the electrode which has detailed irregularity, without giving special 
processing. Moreover, although the anode electrode 19 was formed in each 
above-mentioned operation gestalt by the transparent electric conduction film which 
becomes by ITO, in order to attain equalization of supply of current and to raise the 
homogeneity within a field of luminescence, it is good also as composition which 
processes very thin low resistance electric conduction flbns, such as aluminum, into a 
transparent electric conduction film in the shape of a mesh, and carries out a 
laminating to a transparent electric conduction film. In this case, light- transmission 
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nature can be given by setting up the thickness of a low resistance electric conduction 
film thinly. Moreover, since the refractive indexes of a low resistance electric conduction 
film and. a transparent electric conduction film differ mutually, the light generated in 
organic EL layer and the reflected light can be scattered, and it becomes possible to 
make high field luminescence of the homogeneity within a field perform more. If such 
composition is applied to the liquid crystal display equipped with the diffusion board, 
the diffusion of Hght will increase by the synergistic effect with a diffusion board, and it 
will become possible to raise the homogeneity within a field of luminescence further. 
[0099] Moreover, in this invention, while also being able to constitute the silicon-oxide 
layer or the acryUc organic insulating layer of 1 micrometer - 5 micrometer ** from a 
substrate and being able to make the substrate 14 of organic EL side light emitting 
device 12 into thinner structure, the parallax by the difference in the refractive index of 
a substrate can be reduced. 

[0100] Furthermore, with the above-mentioned operation gestalten 1-14, although the 
Uquid crystal display panel 13 was the active drive by TFT31, it may be the simple 
matrix drive which made the stripe configuration the electrode which counters on both 
sides of liquid crystal. 
[0101] 

[Effect of the Invention] According to this invention, there is an effect which neither 
generating of a double image nor a reflect lump of an external image is in the Ming state, 
can perform the display which has good contrast, and has good contrast also in a dark 
state, and can display by the low power realize the liquid crystal display equipped with 
portability so that clearly from the above explanation. Moreover, according to this 
invention, the liquid crystal display which can supply the good scattered light to the 
liquid crystal display section is reahzable. For this reason, the effect which raises the 
display performance of a liquid crystal display is done so. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The cross section showing the operation gestalt 1 of the liquid crystal 
display concerning this invention. 

[Drawing 2l Explanatory drawing showing an operation of the operation gestalt 1. 
[Drawing 3l Explanatory drawing showing the trouble of a liquid crystal display. 
I Drawing 4l Explanatory drawing showing the trouble of a liquid crystal display. 
[Drawing 5l The energy diagram which shows the effect over the pouring obstruction of 
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an electron and an electron hole in organic EL side light emitting device. 

[Drawing 6] The energy diagram which shows the move mechanism of the electron hole 

in an electron hole transporting bed (HTL). 

[Drawing 7l PVCz, PVCz by which the coumarin 6 was doped, the graph which shows 
each optical-absorption spectrum of the coumarin 6 which exists in ethanol. 
[Drawing 8l The spectrum view showing EL property and PL property of PVCz. 
[Drawing 91 The cross section showing the liquid crystal display of the operation gestalt 
2. 

[Drawing lOl The cross section showing the liquid crystal display of the operation 
gestalt 3. 

[Drawing 11] The cross section showing the liquid crystal display of the operation 
gestalt 4. 

[Drawing 12] The cross section showing the liquid crystal display of the operation 
gestalt 5. 

[Drawing 13] The cross section showing the liquid crystal display of the operation 
gestalt 6. 

[Drawing 14l The cross section showing the liquid crystal display of the operation 
gestalt 7. 

[Drawing 15] The cross section showing the liquid crystal display of the operation 
gestalt 8. 

[Drawing 16l Explanatory drawing showing the state where the sense of the orientation 
state of the liquid crystal molecule of the liquid crystal display panel in the operation 
gestalt 8 and the transparency shaft of each polarizing plate was seen from the 
front- face side of a liquid crystal display. 

[Drawing 17l The chromaticity diagram showing change of the foreground color of the 
liquid crystal display of the operation form 8. 

[Drawing 18] The graph which shows the relation between a coumarin 6, and the 
wavelength of DCMl and EL intensity. 

[Drawing 19] The cross section showing the liquid crystal display of the operation form 
9, 

[Drawing 20] Explanatory drawing showing the state where the sense of the orientation 
state of the liquid crystal molecule in the operation form 9, the transparency shaft of 
each polarizing plate, and the lagging axis of a phase contrast board was seen from the 
screen side of display. 

[Drawing 2ll The chromaticity diagram showing change of the foreground color of the 
liquid crystal display of the operation form 9. 
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[Drawipg 221 Explanatory drawing showing the state where the sense of the orientation 
state of the liquid crystal molecule of the operation form 10, the transparency shaft of 
each polarizing plate, and the lagging axis of a phase contrast board was seen from the 
screen side of display. 

[Drawing 23) The chromaticity diagram showing change of the foreground color of the 
liquid crystal display of the operation form 10. 

[Drawing 24l Explanatory drawing showing the state where the sense of the orientation 
state of the liquid crystal molecule of the operation form 11, the transparency shaft of 
each polarizing plate, and the lagging axis of a phase contrast board was seen from the 
screen side of display. 

[Drawing 25] The chromaticity diagram showing change of the foreground color of the 
liquid crystal display of the operation form 11. 

[Drawing 26l The cross section showing the liquid crystal display of the operation form 
12. 

[Drawing 27l The cross section showing the liquid crystal display of the operation form 
13. 

[Drawing 28] (a) It is cross- section explanatory drawing in which is attained to and (b) 
shows an optical travelling-direction control strip. 

[Drawing 29] The graph which shows the relation of the angle of an incident light and 
the angle of outgoing radiation light according to the degree of tilt angle of an optical 
travelhng-direction control strip. 

[Drawing 30] The cross section showing the liquid crystal display of the operation form 

14. 

[Drawing 31] The cross section showing the liquid crystal display of the operation form 
15, 

[Drawing 32] The cross section showing the liquid crystal display of the operation form 
16, 

[Drawing 33] The cross section showing the conventional liquid crystal display. 
[Drawing 34] The graph of the light to the light in the conventional ECB type liquid 
crystal display by which incidence is carried out which carries out outgoing radiation 
which shows applied voltage, the color of outgoing radiation light, and the relation of ** 
comparatively (rate of outgoing radiation). 
[Description of Notations] 

11 Liquid Crystal Display 

12 Organic EL Side Light Emitting Device 

13 Liquid Crystal Display Panel 
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15 Reflective Cathode Electrode 

15a Scatter reflection cathode electrode 

18 Organic EL Layer 

19 Anode Electrode 
41 42 Diffusion board 
Incident light (outdoor daylight) 
b Hikaru Idei 

c Light for a display (EL light) 
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ISS*^ 2 1 S(rlE3feK*ti|fi*±> SfrS^frfift E L S 
lm^^4l ^ISf^^^7j^/^^yW<»rfi(Iia:t«|E l^Mt 

Misigiq^mfl^ <ir ^fii>m^^x'^-:>m^m^nm-mMx 

[0 0 0 1] 
[0 0 0 2] 

m) x\'x^^fim^x^\^<\\ *fc> ^^s/i5'7-r 



(2) 0-2 5 3 9 5 9 

2 

h(DJ¥S/ii5 2 0 c d/mZ^B.X%^t^=il^ Vy^^- 
<om^t)^2 0 0 c dXm2T't>^^ff^cC=i^^ h^:^ 

6::<tfiT*#?'^v\ ^:iT*. m a 3 c^^-fj; ^ ^tt 
-f hv/;^7^^3 (7i^::^4i:^3tfe5/j;i^T-fll^^Fn 

[0 0 0 3] UJIT, ::(Dtitj^(0?^^^^^®(cibM:f6^ 

^^2{::A*f-r6o i: t A^^A 1 fi. -gR^sjgig 

20 ^3feA2 b-CK#t-t-5o ^<^K*f3feA 2 ;JS*^^^:Tt*B 
ItCA^^tt. *^^(Ogaf^it^^(^^£:C/ci^^3fcA4 555^ 

xn. y<y^7^ b^>:^TJ^3^j^xr-t^zt\^x'om 
0. m^co^\^ii^m{^ft^ctcm^^B2tm7f^mf}^hm 

[0 0 0 41 

AlCO-lffi (A3) j55^^i©^S^)^2^^a^UTU* 
S*f^A2(O^S;5S^Itd^LTL*V^a^^^c^='> 

m^i^^y^y^y^ hi^^'rM^s^i&mt-r^mmt/tB 
m\z,wj^vxmm^Bi{:if£i>o 't^iit>'h. ^<y^y-< 

i>^ti!>-mj^^ti. m^mMmmi.. mm^mm^B 

^mi-f^^tt-X^/j:\^\ 

(0 0 0 5) ^(D^m^m^ u J; 9 t-ri>m-(Dmm 

60 ®*!»l:H»^J:v^75*i:V^5J^^-*)So.*fc. clco56W3is 
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[0 0 0 6 1 

[0 0 0 7] m^m2mML<D^mn. ttiu^^mi^m 
[0 0 0 8] gs*«l^3J:t;ft^5l^^2lElgtcDli£?«^c^3v^ 

^mm^tcn^mELm^^m^<D-:f7<Dmm'v^m^ 20 

^/i^(Dm:^^m^-ri>fcibm7jkr^-^mt^j:^o ^^el 

[0009] siE^co^B^tt. mte.5ftR^m(Dm 

[0 0 10] m^m4^^<r>^mn. sftie?^^^^^^'^ 40 
[0 0 1 1] g|}^^5ia«troig?qtt. fltria^ttiEL^ 

[0012] m^me^m<D^mn. ^iaw«ftEL^tc 
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mi-i>zt^!^mtLx\^^^. m^m6mwi<omm\z.^ 
\^xn. mmmmm^-)tm^Mt&m.xh->xh. 
mwmfimm^tix\^^^tci!b. mmmnm(D^^i^!ii.u 

[001 3] 

m:<Dnm^mm\^yr^i~^Mmm\^^'^\'^xmm-rh. 
mm^fiitmmm^ 1 1. f>^h±mm^^nx\^^ho 

[0014] ^i" . W^E L®^7t^^ 1 2 (Dmm^-:> 
v^XUiiq-rSo W*ftELEI&^^^^l 2«. m^lfi^y 
:^XtJ:h (ELffiS5«) S:tel4<^±;::. g^lfi^l^iftfi: 

^^-r^^Jl. ^5'j;tf^Mg I nXf^h^^iJ:^~'VWm 
1 5;iS?^fi)(;$nTl>^>, /j^4b\ S^;«7y~ K^^S 1 5(0 

p^mm-^v<. ^(Dn'i-m.^ti (ev) tK w^-th 

^^^^i^^ 1 6 (7) WcO^iS^^^-^^i^Lil (LUMO) 
$!^^(Dm^fi^h. iO'sr^^ (4 0 0 nmJeJl±8 0 0 n 

[00151 Stt;i57y- vmMl 5(?)_h{c«. N^;::^ 
:^^lSJci:M^£:-t5?^^^ • Sa^^-t-^. f>y;^(8-tK 
u^^^^y ]) » itTJUX^'^J^ i£kT. A 1 q 3 ^:v^ 

t^oi/g 1 6 <Dmm-±. 2 0 n m~ 1 0 0 n m^JST'fc 
16W_t(Ct±, Tlfy K'-/V;3&/W<>^-/v (JgJlT. PVC 

-b^^(om^^m. m^\itmm\^xr>m^^tix\^^ 

6o :it7:)jE7L$^i^^ 1 7(D^«, 2 0nm~10 0n 
hlC^"t-6^/HtJ^j6S^ 1 0/100'-'2 0/100 
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V^-So JeJlTi-Alq3, PVCz. BND(Dm7^ 

[0 0 16] 




Ut2] 



lit 3] 



A I q 3 



H H 




PVCz 



N-N 




10 



20 




,CH3 



OCM 1 

K— V h U"C. 3- (2' -benzothiazoyl)-7-dieth 

ylaminocoumarin (i^T. iJ'-^V^^e) ^^fc"?. S)18 
J; 9 5 0 O n m~ 5 5 0 n mrellw tf — ^^"T 

•To 

[ft: 51 



HsC2 




C2H5 



fdli??*^^ K— h ^ UX. quinaqridone (J^XT. 

[fb6] 



BNO 




[0 0 171 ^^umt. m^<D^^m<09t%:^UV. 

(photoluminescence) l^t/?^-?- i: jETL (O^j^-g-IC 

<I:9Bbje$n«)t-rS:i^u^ hp^w^^';xlri^;^ (elec 

troluminescence) i^(0\,^-rM^^^-^ i>^Uti^ h^iii> 

gjc K-7'$n-CV^-5o g^feK-^^•^^^i:UT^i. 4-(d 
i cyanome t hy 1 ene) -2-me thy 1 -6- (p-d i me thy 1 am i nos t yry 
l)-4H-pyran (eJlT> DCMl<tV^p) j^JfeD, (§118 

J: 5 {;i 6 0 0 n m#]GlC%^ e-i^^ ^r^-t-^lgfe 
75ig3^fe%>tS:^i:5o UJLTJ^DCMl(^|»jt^^^ 
•To 50 



Wfe K— ''^i^ h «b UTJi, tetraphenylbenzidine 

TPB) X 4,4'-bis(2, 2*-diphenylvinylene)biphe 

nyK 4, 4' -bis((2-carbazole) vinylene)biphenyK tetr 
aphenylbutadiene^^f^^ cycl open tad iene^^($:^ oxa 
diazole^^«i:^;d5foS, J^TICT P B 

[ft 71 
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TPB 



^feK-^-^Vh. j^feK-^^>'h. WfeK-^NVh^^ 

n^tt. p V c z m^:=«.:=^ ?/ h \m-ri>^j\^itf^t>m 1 

/100'-4X10 OtDftl-^T'^A^n. m^^-r^J^?^ 
[0 0 18] #<|feE LMl 8(D±(::tt, ^ffitwTy- K 

to 0 1 91 ^^f^^^isei l{;iii5ttaW<^^lEL 

J^h. 0. 1 ;z m~0. 2 /i m;^iS^?SfV^t><^T*^S/c 
•rS^t;55-c^6o C(^J:p/«e#mEL®%^^ 

[00 2 0J Bkt^, ^S^^TK^-'^/H 3<7>fl}^^SrgJt^-r 
•t-M]S§^SIfi2 0<aiJ*Jj;U«miS5g^^2 UBiJi:. 

3t«2 4i:. ■e:/cll&ti?fie$ti'Cv>6o fltr(B3fe« 2 3 i: ^ 
;^^2 6, *7-7>r'/v^2 7^SJgi:ffiCS•?10fi^^Fi^•C 



(5) 0-2 5 3 9 5 9 

8 

R:7^'y^^, G:7^yU^. B^^/l'^H 
^tL^'^x;^ h^^T'^^^fcfi. ^^i-tSiiil^^^s QIC 

-77.^ 2 6*5j;a«*7-7>r/vi^' 2 7<^±(;itt. iSe^tt 

^W-t-6(^P:^^2 8 5?i5Jf^fife$n. ^Sl^2 SJtCl I TO 
d-^/jr6isT|^3fet-^ftU7 0%aJnOiSi©14<Sr#-r-5^ii 
m^2 5;!lS^^fi|igc^aplJ:ipyi:oX?l0^$fL> 

1^2 9 75s?i^fig;^nTV>6o 

[0 0 2 1] ^^9JS&2 1 <0>^f6lt^{RlJS{;i«, 

I TOXfi.^nnWmz 0*5j:t;«C(7)iBiiSIH£3 otcgi 

(TFT) 3 1;^|5. 0T^(OlJ^g^^J[w^$oT^^E^J^ 

3 Oco^itwgtl^i-^^iOiiF^m^SS 0;i5^|£;g^-^p> l 
20 fc. ^3g7'yv^fia^l^^^^-t--6C<i:;5ST#6o TFT 

6 Ki^-f^-^-f v«^:i^Jj^$ix-CV>5o cixe>TFT3 1 

1^3 4;5S^-?^-:/fl^fig$H. rttbiir^mi®3 0*5j:O? 

^sj£$ixfc^ga[^l^3 2/53fl^i^$ti.TVN-5o 
[00 2 2] JgJlT. w<0 J: 9 1 1 

30 W«ELffi|§^^i^l 2^|g^l|g»J$-^TfflV>6« 

[0 0 2 3] m^mxm^^h^^') z.<Dm^^7mM. 
1 l^?q^^^X'fflv^6^^fi. mm^\^m^im^ \ 2 

2;wA#t-r^. A^^afi. 8tHS^^2 3. f^^2 2, 
mii7fe«2 4(D<g^f^ffl^^(t. #aE L^3fcmi=-1 2 
l^iAlW^HSo CWAl*3featt. r/-Kmigl9i:* 
40 <tELmi 8^iijgLTKIt;?7y- KmitEl 5-CR*f$: 

;js-etSo ^'it^i. I5]Sl^c*5v^-cTy-KtH£l 9i:W« 

E L^l 8(7)^®5f^f:i^ffiLT^L-CV>-5, (^12)1^^ 

htry- h'^m 1 9 <Dm^xm~m^Rfii-r 

8 t(DW^(D^^ t . A^f^^ e tiri) d = t -sin 
50 0* t = 0. 2/£in-e&«>i:-rHfJ. d = 
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[0 0 2 41 B^^t^^TfflV^5:®'^{:l^i. Igl3l;i^ 

?s^i^a^®^2 2A^iie)-f;-R*r;?7y- Km^si 5-c 
K^\^x:L<oBLt^ittmm^^mm2. 2 ASrss^u-ca 

4 1 Srilx.TV^6fc:J6. CUT) J: 9 /jr^^J-a-^i^^ i:5(^$r 
[0 0 2 5] (B|r:t^^T'ffiV>6^'a') ^<0^^i^l®ll 

2<otaii&6<jJi:3i^/^=¥-i5^^-^i/7A^ia5{i:^^„ 1^ 

mtA \ q 3A^P>/j^6m^^^ill^«2^1?|ig(0^<SEL 

m^X*(r>m,^(r>^m^\-t^ ^S•t^3|S^O lowest unoccupied 
molecular orbital (fiJlTx LUMOi:V>5) (DS^itC 
6St#$iX^ iE?Li7)^i)!jfSfi, highest occupied molecul 
ar orbital (WT. HOMOtV^p) ^ 

^^tJlEl-wSWo^^:^ K:^-^' i: TPS t \z.mk^ 

jv^- (eV) »^Riift$n6wi:J;i/j:^o 

[0 0 2 61 ii3:/-YW(&fi^hn^^mm (et 

ids, ;«7y-K*3J;t/Ty-K^{i0f^fi£(^m)S^:NiAn-r 
ry- Km^^*>e>jE7mx^;i (htl) --wjetlo 
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[0 0 2 7] ^5)^ICHTLP^(DiE7L<D^ib{wOV^T^±> [§1 
6ir^-ri^{c. PVC z ^BNDi:(7:»^l'^;c:J;t)?i^^ 

B N HOMO i: COST'S? -5 gap A <^^ffi<0^iD(C: J; 
t)^!9^S;tfciE7Lt^. B NDt^HOMO i: P V C z (OH 
OMO t (Ora<7)gapB i: ^ 9 j6lx.T E T L \Z.\^fi^ 

10 9, Al q 3^::aA$^^;fcm^P-(?5-^f|^^i. mJE(0 

^JbPdi •9gapE^^t);@;t6;i5^ gapD755:^#v^fc*(:i 
HTHCiott6ETL«i:(D#®#j£l::@^t). HTLF^ 

A^nfclETLirffjS'^^rjg:: U 1 mmhm.^^^^^^ 
1 S^iibj^^tS 1 0 n mU^(oy{^mAtm^^ Lfc 

[00 2 8] 121 7 CO pvcz-t, 
20 — T'^ixfcPVC zgi:, ai^y — /i^tf {C2. 85X1 

0-5 (mo 1 / 1 ) x^^te-f V6 (o. -ett-eix 

<0±^RU:^-<^ hyi-T-$j6„ El^. (a) PV 

C z OBSiK^^^iJ' h/WXfot). Hjg^ (b) i^-^y^ 
6^5 K— ::^$tLytPVC z®(0®JtX:J^^:^' h.'VXfc?), 
—MMW^ (c) ^-ey vecDd^iS'y-yi.^j^iDSiilX 
x-<iJ' hyi-T'foSo Hiji^ (a) (b) **p>iJ^ 

•^y>6tt. PVCz ^T'« 4 0 O n m— 5 0 0 n m# 
ifi|c:®lRl^-i5'«r#U, P VC z 35 On 

30 [0 0 2 9] I2|8«P VC z^®<7)E L (^1^^ h u/l/ 

^%^-<^ v/\^x^ mWitm^(^fk^^(r>%(D^&%\z,x 

■Sie^^^^ h/l'X*)^), P VC z fi4 0 0 nmifi^lC 
E L e*— iUfP L If-i^' UTV^So 
[0 0 3 0] [gl7, 8 J: !9 P VC z «^)mJl^£Oi&-a'. ^ 

40 2^^iSJf^fiO2^fi|5t(0WfiKE Lffi%3fc^^l 2X«. 
PVC z{i4 0 0 nmt^-iJ'COlg^t^^^ \^tK,^tji<. 

^m^i^<om%(r>:f^tmu^ixxy*^i>:Lkfi^hnm^^ 

tm^x^m^r(f:>f\.x\^^^tfimm^fi^. 
[00 3 1] :L<Dx.o^£Y^m\^x.^. ^mmMm(Dmm 
ELos^^^^i 2«. m^^¥rxmm^rTo:Ltt^ 

60 c ii®6«jiw«jE?Liiiii® 1 7 1 r y - h'nm 1 
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[0 0 3 21 Ul_b. ||16?K^Hcov^Tlft^Ly5:;!)^ C 
-C«. E L^O^i?;i5,^0. 1 5 *z mT-fo!9 V ;^trv=i 

5o ^JSfl^^l l^*5V^Ttt, %)tP<;^7-Xi^JJSE 

L ^ ^ {ci^ A $ n/cm^ ^ iETL ^ CI ffj^-a^l^ J: 9 ^/iSj!* 
m^Hxh. rcoJ:^ncEL^^l^^^it^6<3^c,^<b;tSwi: 
;!iST*tSo ^nt-*rL. «e«ftEL%3fem-?^l-*5V>T»i. 

n^f)^^\^m^\^V:y^j\-^^tii}^X*mx^fi. ELM 
%xP>^^TV^-5, -r/j^to^^). *fi«EL«3tlS?^<^;<*- 

So 

[0 0 3 3] *fc. :*:|IJS?i^^T*tt. :h'7-y^/\-^2 
7lcj:-6fe«!:*ffilEL®|g^m^^i 2 ;;i J:-5fe(Df^;^cr) 

mm-ri>^k\^xr>^^^(owt'&fi^x'^i>M.x. mmis. 
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[00 34] mmmm 2 ) 9 *:%?«{c'e^'5f^^ 
(ii*s?i^fi3) igiio«. :^^m\^m^hm^mi7f^mm.<o 

Lfcll»$^l <hf5]^T'fc^o W^ELffi^^^^l 2 

(miffiJJJ^) gan^ix. 1 4 ry 
-Kl^jSl 9. =^«ftELJil 8. K^*y-Km«il 5 

tmf^^f\.t:.mf^^x^i>. m^. :¥mmmmx\'i.. ^ts 

20 mm&.y\ZWL^^thX\i^^. /j:ib\ ^ffifeEL®18<^« 

%^^^i2(om^mti^^<x^. ^tc. mfhi^-^o) 

$ t^SO. 2mmiUTI-^^$^XTV>5fcS?). 1 4 

(Dmmx^^^<D^mizx^]^m^tRm^ y- Km^s i 

30 [0 0 3 51 mmBW^A) miwt. :^^m<om^mi 
^^®<z)ii*fe?^^4^r^i-^i5ia-efo6o ^mmm<r> 

m^^Tf^^^m^m^xn. w^^mif^^^^/i^i 375^ .lie 
x.tc'mmmm 2 diijt a^is^t^ 2 4 $:^ii&t*# sie^^ 

^F1 2«. fKS^^^^;^^yH 3<^^3S?qS«2 1 o^ffi 

ry-KmiSl 9. ^I^E 1 
8. JS^;<?y- KmiSi 5 a^s?f0fig$tLX/^-5, /j:4b\ 
:*:|^ifefl^StwfcMt-5S#**y- VW&l 5 a *i ^i^^fll 
ig^r^-rsm^WJlSf (0«]XLliMg-Ag<7?#t#S^**:) 1^ 
40 TJ^^^H. _hia Ufc|l*i??^fi 2 i:|f1^ICKMffilw^5?ffl 

ISfifet U/cCirfwit). ^fiftELffi^3t^^=-l 2 t*^^ 

1 3 1 x^tzm^mTT^mm. 1 1 ^r^m 
[0 0 3 61 mmmm^) m\2a. ^^m<Dm^m: 



(8) 

13 

m^mm^^^/\^l 3tr^:^;d^t,A^*f53fe<og5rt^ 

^^^1 2^mm\^xm:7jkm^c ^m^i^'^i> z t\zx 

ISJ^-efeSo J'jiis. ^1 4«iiS5>^«flg7^/^^i:i- 
[0 0 3 7] (iij£?i^S6 ) El 1 3 :^^m(Dm^m 

mm4 2^W'rfcj^^mii-£. mmmmi tmm(Dm^ 
mm^tifcmx^ho. Ain^tirc^r^^m(o^mx'R 

1 i-ett. ^itimtvxm\^'^?>m'^izAm^ai>m^m 

2 2^mm\^fc^m^4 2\zx^^m^ti. ^m^y- 

[0 0 3 8] mmmm 7 ) 1 4 it. :^^m(Dm^m 40 
m^myr^mui Hw*3v>Ttt. s^^^ 

itimtmmmx<oi^m[:ii^\^^x. w\^r^<Dmm<Dm-^b 

[0 0 3 91 (HJfiJ^flSiS) 01 5tt. J«c3gW<^^^iS 60 
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mi4<D±\z^ i&it^m^(oytRk^^(D±m. m;tmA 

g I nT-/£-5S^:*y- Km^Sl 5;5Sfl^^$^^rv^S, 
^rn^tl (eV) ;6S. m-=Mllil&Sl 6i7)|tJ|S^(7>Ste^^> 

(LUMO) (Dim{:im.m^tii>m^mmmi6 
M*bv\ ^^m^(omj^t)^h. J:t)^m3t (4 

0 0 n ma-t 8 0 0 n m^T (OMUm (C^f UJKM14*0 

1 q 3;6>«b^<f6li^$^3t^ 1 6 <t. PVCz<bBND<h 

^tixfji^mmEEmi si!im^^fix\^^i>o w«»el 
[0040] m^^m-i. m^(r>m^m<D^^^fU 

(photoluminescence) Wi|Sf 6 K— hT'fe 

XV^So 0^^—^^:^ \-t\^xn. DCMl;i5$>t)^ 
1 SlC^f <t 9tci6 0 0 nmf+ifild^^ttf-^'^r^-rS 

y^-e/i^fcr)^ [2} 1 8 ^1 5 O 0 nm~5 5 0 

— hi: UX*i, 4,4'-fc';^(2,2'-V^>'ai::^yH;'::^U 

K'^cc— /K 4,4'-fc';^((2-;ei/w<>'— /V) tr:7a;^ 

htt-tti-PH, p V c z ^fik^r: y h m^j-rs^/nt 

^/i^^l/l 0 0-4X1 0 0(OfiJ#-eiiSA$n. 
[004 1] ^S^^/^;^/H 3»i> WffilE LffilS3t^ 

i(tiDmmmmm2 o t^mm^m2 1 k(DW\\zm^m2 

2Sr^^S$-e:fcS}5t^/ioTV>6„ Sftig^Sfe2 0W:, 
>(tf^F^ffliJcoffijr. I TO*^^/j:S«r^a^i::^L7 0%J^ 

±(Dmy^{^^^i-i>^mm,m2 5;dsgi7j^®^^ffi{cso 
^ h'f)^h^ii>tti^\^m2 9t)m^^tix\,^i>. ^^m^m 

tS2 i<?)^f6]F*3®<Bj(cfi, I rox'fj:i>m^n^3 Oio 

xxj^^(Dmmnm3 o^zmm^titc^^ y^i^^m^x- 

foSTFT3 l365iSilSge^JiCUfcdSo-C#l^ffi5IJ$tL-C 
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TFT3i«. ^(D^-hnmr^m^mjE^mti-r^Y 

[0 0 4 2] *^^6?^^flstc*Jv^Tti. m^[^m2 9 
2<^±(;ii3tt?>fiaisi*f6i*Kr«iiigS2 9. S2xm.m^ 
n^oxi 5° ±10' co:y-r^ h^x-0f^co:irf6]ic'y^ 

[0 0 4 31 ^ UT. 1 1 ICjb^^T 

fi. 2 2 (7:>® tJT^^;^f4 A n i: f^^^i? d t (D^X 

1 3 (On^U 2 0. 21 (^^1® 3 
[0 0 4 41 El 1 6 tt. _L|E?i^^^^/-?^/v 1 3 <Dm^ 

m^myr^mmiKomWimt^h^timx^y). :L<r>mm 

fl^^-eH. fStffi^^^^^/V 1 3 A n d <^)1iit«r 8 O 0 n 
m~l 1 0 0 nmtClS^-t'Si: irtilC. {i^tg2 3. 2 
4 2 3 a . 2 4 a i£r2*c<^ J: 5 fS] t 

I 0 0 4 5 1 -r^Ct?^), El 1 6 (D J: 9 tC. fg?S^^/^^ 
jv \ 3<D— 'efJ;tf^S^2 l(?)3a^(:i*5(tailK 

r05)^^^Bar6i:^r6i (fiBifiii^s 207 t'>'i5^;^f6}) 2 1 a 
tt. JS^^^^-'^/H 3<^)«iWsic^U-C;&IelD»w5 

2. 5" ±5' CO^fSl, {1&:^<DS*S2 OCOiS^twi^ttS 

i^^5>^gai^:^r6] (gdrs]^3 2 07t:'>'i/:^f6]) 20a 

^L/cie>{-. StR2 l75^f3^lS2 0i:ir^?5^o-C^fH]!9 
fw7 5'' ±10° (O-y-f-J^ h^-ey^;?^ hg£I6}LXV^ 

[0 0 4 61 -frLT. Sa[S^^>'^^>'H 3(?5S«2 1 
i£#i::*3(t5f^^:»-^^ffirSi;^fS]2 i a$r0* (0-:^\^t-r 

. 2 4(Z)iSi8«i2 4aJi, 85^l«S^>^Po:y>r;^ h:^i^i: 
ie;^ipHc5 2. 5* ±3' o:^r6]{cfct). 

yl- 1 3 (D^^ 2 0 d^fSl-r ^{g^fetS 2 3 CO^jg$4 2 3a 
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[004 7] c (D%m^M(j^m^-mmm. \ i 

^TT^-t^/Vl 3<Dfe?ft^<75lS®*Tf^ffli:-^t<7)ii[3t«2 

3, 2 4(?>i^^f^ffii:^^iIffiL-C^$:^fe-t-6t>(^-C. 

l(C*5VNT(i. tir{i3fe'te2 3^igi^ 

orc3fci:/j^o-C^ii3fctg2 4lcAt^UT. CO^^S^^ 

y- K1^<® 1 ST-^M^tl. lfrlE{g3fete2 4 

13^ ttrdTfetS 2 3 ^imt-iSi^ LXf^^^^^ 

[0 0 4 81 f^^. wMti^j-vwm \ hxm^^Mz. 
^{i, mMm^^^^Wi-t^y^^X^ ?^^^^^-?.^/H 3 

2 2 J: 9 A^^t \^m<r^m^xwm*{^y^^^ 

(t. Xt*^a:t5I^P}i:iE«SiS?t.t/^oTiS3fefe2 3{c:A 

^•f-SfcJ^). ^(7){i^;K2 3^j@igUTW^-^^>tfi. 
m^i3)^-Ynm\ ^XU.^^M^it>^\^^^>iWo>h 
20 JiV^3^fe3te"Cfe«)o 

[0 0 4 9] -eUT. ffrlEfS^^^^^^/H 3(?DfS^M 

i^^<Du^m^<Dmu^x.^xm\L\^. -eix(-it>^j:o 

[0 0 5 0] -r^J^ioh. fS^^^^^^/H 3<75mS2 

4^mmi-i>^^^^^<o^^^<Dtt{^jtcx^(D 
[0 0 5 1 ] z(DX^\:i. ^(Dm^myj<mmiii<omm 

yt(D^. oiOgj^feU, m^2 5. 3 0m\^^M'ti> 
W£\^lt-CXmt-t^o C(Z)f8ta^^^ei ieoio<?5 

mmm^<Dmm7i^x;hi>mt. mm.^^<Dmm7riX 

[00 5 21 El 1 7 a:^m^mm(Dm^m^^^n 1 1 
m7f^^(omit^^-ta*-h*^mmxh^o mm^^^-t 

^/H 3 <7)lil® 2 5 . 3 oraic^S:Hi*Pt-CV^/j:v^^)!J 
«8*^^T'|l>'>'->^/V (P) (CifiV>fe-Cfc!9. m«g2 5, 
3 0r^lCPfl^p-r-5mBE^ii5< U-CV^<^D^^i:t>>^^oT. 

^Ni;^f^. -r^^ibhm (R) -»if* (G) (B) -*m 
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[0 0 5 3] mC0^^4^Stw*3ttStb$*^^R 

(mi n) tL. a(D^^:l^^(;iio(t^ffi#^^<^. 

5 V(D^#-eR (5V) , ^mn^f}^ 7 W (D h ^ 
T-R (7V) ir-rSi:. ±ia;* 

R (m i n ) = 2 . 7 8 % 
R (5 V) =2 2. 8 5% 
R (7V) ==^29. 55% 

[0 0 5 41 ^ UT. jt^m^mT^mm. 1 1 (c:;fo{t6ii 

OPri*Iimffi^5 Ufci:#ro=ii^ h^;^ hSrCR (5 

V) . u^m7T^^'^hfz.Mmm&^7wk\.i^tts 

(DnV h^CR (7V) <b-t-Si:. 

CR (5 V) =8. 2 2 
CR (7V) =10. 63 

-e*i)t). S$:^^$'^5/ci6(O^J!)P^^E^7 b/c^ 
tHt>^b'5>^. e<S:^^$-&Sfc4i)<z)B];tlP||;/E^5 Vi: 

[0 0 5 51 rt^^Jz-^^jr^^feir^^^ h^;^ htt> 

2 0aiJlwf^d>oT7 S'* ±10" <Dy^ :^ h^T'Bff^tO 

CO A n d <DW^i}> 800nm~1100n mX'fe 6 i: i: t> 
^^2 lCDi£^|Z*5(t^?^^^^(DgBfS];^|^2 1 a 
^0° <0:}jSp\t Ufci:^. {i^ttS 2 4 (Z)igj^ils4 2 4 a;J|S 

flgfa^J^-T-w^/^;^ h:^r6ji:jS*:^fp]li:5 2. 5" ±3" o 

:^f^. M3fetg2 3cD^i§#2 3 a ;?)5mris^;''<^ h:^f^i: 

ifi*:^l6j{-4 7. 5** ±3° <D:^\^\Z.Wt'&^flX\^^Z.t 
[0 0 5 61 Lfci;!)5oX. C:(7>?8t^^7f:y^©l 1 lwj;tt 

t^fa^^^ y ;i t^X% 
[0 0 5 71 ^yt. SJ^^i: LTffiV>5©'^. t¥j|?OE 
C B^^S^^^®f;i, El 3 4 Ji^-r J; p tc^Tj^fetc J: o 

3i5{£<^BUlw<d>ofCo ^fflELffi^^^^^l 2T- 
^i;55-e^6„ c:oj;9lw^fr<«EL®^>t;^^l 2-C 
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HllSl 9 ir^aE 1 8 1 4(7)±:^(;ifc6 

fci^). S:Ki 4(;)^ffiT*c75K^(c:jga-t-6z:s^(?)%^ 

[00 5 81 (Ilffi?l5lfe9) lai 9-132 1 «;i<05S?« 
10 (^lllfefl^^9^jj^L-C*Jt), BIl 9tt*^J6fl^Sro^a 

Stg2 1 ^(^F0llC?^^^4 5;ei5^^$^. ^i^0^Stg2 
0C0^#Jffi;c^i+Blltg4 9;i)Sgag$tl.. fi48^tS4 9(7) 

^®<ft)ic3fr<S3t^ 2 3;isg2@$H> %mmmsi^ \ 

®ffliJlw^{M3fe«2 4?5Sg£®$Hfc*ll5gir/£oTV>S, ^ 

UT. C(7)i0t^^^^^^yn 3oSijf:^;;i{i. ii£ftSc^4 i 
20 ;55i^@$^^■Cv^6o 

[00 5 91 ±1ELfcHftj^0^S-K2 0*i. ^fSlP^1|iJ(Dffi 
I TO;i^e>^.f?>^^7fe{->t^U7 0%J^±(7)3Sjgt4^ 
W-r-5*jim^S2 5*5^;^^^*^c^ffi{rfc>fcoTii^fife$ 

*iSmffi2 5±trf:igEf6i«i]®$HfcjKy>r ? K;5^e> 
/£6RfIgEf^^2 9;i5^fiK$^^TV^5o M0^S«2 1(D 
*ff&]f^ffi{|iJ(C{^. I TOT-/j^SiS^1^|S3 0*5J:t;«iB^ 

30 g£5?IJ$nfc-^ hy ^^>^ga^J(w/£oTV^6o TFT 3 1 

l^\zmf^^tlX\^^^„ ^n^TFT3 1^^ 

^3 4_htw(i>}f y >r 5 h'f)^h^ji^. gar^^s^5j£$n/c 

^gaf^)^3 2/5Sfl^^t5c$ixXV>So tHgfirSiflg2 9i:^Safpl 

40 [006 0] z<Dmmmm<Dm^m7rtmmi i\^i^^^x 

Ji. f^^^^/^^^H 3f*}$Btc:#fji:$n/bi0[^^4 5(0 

mm-y^(Dm^^ 23.24 <^jgi^^fc<tmiiB^'te4 

^(Ofe*^ mis 2 5. 3 0K{CNlAPi-6m/El-JC&UX. 

[0 0 6 1 ] 0 2 Ofl. ^Jh^ixfcj0^^^^cogaf^4^l© 
i:^{M3t«2 3. 2 4(75igjg|fiioJ;t/{fi:4e^^4 9 0ji 
50 tatt(DiSi#*^^g® 1 I<^^^ffi1l9;i^ibafcia-C*) 



19 

±3* . And (DUi: 8 0 0 n 1 1 0 0 n mtrSS!^ 

i<LB^^4 9 t UXy ^y^— v-a ^'(Dm.^^G 0 nm 
± 2 0 nm(7)^co^^v><5i: i: J; u^^^M^t® 

2 3. 2 4 5r-e<^i^3^l42 3 a , 2 4 a >Sri!kcO J: p /^[S] 
^tdUTSEML. mmiiL^mi4 9 ^JE:(Ojg4B$|4 9 a 
^ J; 9 ^ I - U T gE ® L "C I > 6 o 

2 1 a (i. Jg^S^^^^'^/l' 1 3 <??«l*li s t;i^ ux;felsl D 10 

{C5 2. 5° ±5° <o:^\^^ {tfe:^<o^]^^^tS 2 0 COifi 

mz,^\'^hm^iii^^m:h{^ 2 o a ttria^iiiijstc^r 
uT^ni 9 5 2 . 5- ±5° (oijm^Lth^. m^^^ 

fi'jS*S2 i;^^e>^MJStS2 0(CFSi7i^o-C;&lel>){c7 5 
±10" (O-;'^;:^ h^T-ry-r;^ hfiaf^UTv^6o 

[0 0 6 3] -tUT. OTffl!lSite2 l(7)jfi^{c:*3*t6«0[ 

tg2 iCl^lSl-r 6m{S^tS2 4(Digjgftll2 4 a«. fltflE 
JSS^^'^o^^^r:^ h:*^l6li:3S»:^rfiItw5 2. 5* ±3" <o 20 

mM^2 3 an. mt^y^ ^ h:fj\^tm:^\^iz6 0. 5 
9 an. m^y^ ^ h:^\^tm:^\^\^5 2 . 5" ±3" 
(0 0 6 4] ^(DmMm^(Dm^mmi 
nmmf^m t -.^^oisjtfe 23,24 <o<B^f^ffi t 

*3V^-C^i, atrig3tte2 3^igigUTAML/ciEaiM^ 30 

{feftii«4 9 tm^m4 5 *ii5igs-e^saf4*Bi^ 

;K4 9(0^®|fi^f^ffl43J;a?M4 5 (DlSStfff^ffi(;:<£ 9 
T. C(^^ii5t«2 4^SjSUfc3fe;6^ ^(O^^m^^t 
ii^^2 4 ^?^^4 5 ti<L^m^4 9 i:taiS3fe«2 3 ^ 

[0 0 6 5] /j:ib\ ^M;<7y- m-j^ii 5-cst^$nyt 40 
|giK4 9izX0A!tif^titm<r>1^^X'mm^i^m^^ 

AmB^tmmcmm^^t^£oxmi^yt^2 3\z 
xm-r^fci^. z(Dm:mii^^^2 3^mm\^xm^'t^ 

[0 0 6 6] UT. f^^^ 4 5 (omm^Vfmn. z co 

it\^X^xmti.. ^H{c<!:t>^<CoT^{g)felfi2 4(CA 
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^^is® 1 1 (Dmmm\zmm-r^. 

[0 0 6 7] ufc^SoT. ::t7)f^^^^^® 1 1 

o^tJ^^feii. -^^^3 0, 2 srelic^An-t*^ 

(006 81 la 2 1 fiii^e^^^^e 1 1 <Dm7r:^(Dmt 

*^U■Cv^/^v^^?J^4^^^-eH:^'^-://^ (p) l'iav^fe-efe 

t./jroT. ^ (R) (G) (B) -s-»eortM 

[0 0 6 9] :i<7)|lig?f^®(D?^^^^^M 1 11- 

^i-f^m(Om7f:V^Wi(Dmiti^=&R (min) tL. 6(0 

(5V) , TOD^^^T V(Di:^T'R (7V) t-Ti} 

R (min) = 3 . 3 0 % 
R (5V) =23. 64% 
R (7V) =28. 91% 

[00 7 0] ^ur. r<D;(7^-f^^B^^$i®;c4ott5» 

5 V i: Lfdi: #tO:3>' h 9^ h$rCR 
(5V) . S^^:^$-a:-5/c4?)CDR]iJpm/E<Sr7 Vi: Lfc 
i:#<7)n>'h7;^ h^CR (7V) irfSi:. 
CR (5 V) =7. 16 
CR (7 V) =8. 7 6 

-Cfot). e^S:^^^?-*6rcii^)(7)PnJbPmJE^7 v<i: U/ci: 
^«t)*>^^. e^^^$-&6fc«)<DPn*Dm/ESr5 Vi: 

[0 0 7 1] L/c?55o-C, rcDf^^^^^Sl 1 

[0 0 7 2] /£^. ±te>mMmm8xn. m2o<Dj:o 

{Z. 0' CD;fyf^{;i*f Ur. Mi^^-te 2 3 <73j@ig^ 2 3 a 
S:6 0. 5° ±3° W;^rR], {i^@||tS4 9(Oig4e#4 9 
a«r5 2. 5* ±3- (0:^r6ll-«9!3eL^d5, COHig?^ 

n dCO^^ 8 0 0 n m~ 1 1 0 O nm> te4@M^4 9 (?) 
y ^X— '>3 i^fiOiiiE^: 6 0 n m± 2 0 nmi: ;5^o, 

^{B3tite 2 4 <^>iSi§4fb 2 4a ^1^t£M^^=f-<oy>( 7. h 
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—6 0. 5° ±3° (^^ffl(0;^f^. {4^i^>K4 9(D 

ii4a$fi4 9 a;js8irie^/-r;^ h:^i6i^jS*:^r6](c4 2. 5" 
±3' —5 2. 5" ±3" (r>mm(D:^{^i^^fi^^ l^t 

Kmfe 1 5-e<0«ftffiR#tt;i#oT^SlS^<7>^!9 ii^^. 10 

[0 0 7 3] (HJS^S 1 0 ) <5>:{:i^j!i£??5^ 1 0 ;rov> 

-C£JlTtc^?^-r6o :*:^ife?f^fiT*tt. 1 1 

flil{i)t>K2 3 (Dj^i^itt 2 3 a(D:^ffi]. {i£+e^t5 4 9 

[0 0 7 4] m2 2 nc<D^m<DmM^mi O^^UX 

*5 D . fig^^^/^^vw 1 3 (^SK^5^^<7>gBr6]4^® 20 
^t^R 2 3. 24 <D3gig# 23a. 24a*5J: tfi<Lm^^ 
4 9(7>ilti$ft(D[6]%<Sr^^^Ml l£0^^^aij^^e)^fc|l| 

X'fcSo :it?5|life?^^-c«. 0" o:^fSi (M0.g^tg2 

i:»f^{^5i. 5" ±3° (o:^rsi. {4*a^tS4 9(^ig 
4a$l&4 9 a ^rSifia'^^;^ h;^f^i:32»;^f6H;i4 2. 5" ± 
3* (r>:^mz\^ith<r>x-ib^. MS«20, 2\p]5.m 

{CfcJt5?^^5>^^gE[^:^f^2 la. 2 0 a ^{M3fe« 
2 4<D^jg#2 4 a (7)fpJt*±^2 0 30 
C 0 0 7 5 ] 0 2 3 tt^cllifeJf^^J- <t 1 

1 <7)^;^feOgg{b$r?j<-ra*-b*fe;S[g|T*fc!9. rtOj^ 
^^^^©1 KOa^fetj. m<^2 5. 3 0PB^(7?TOPm 
•m^n< \.X^<<D\Zt\^fii^X. ^ (R) (G) 

(B) -m-eongtcmk-rs, w^^p>l^. ^ 

(0 0 7 6) ^<7)?0[^^^^@ 1 1 [Z.fak'fi>%(0 

R (m i n) =2. 7 6% 40 
R (5 V) =2 4. 0 8% 
R (7V) =30, 60% 

[0 0 7 71 ^ UT. 1 1 \z^ni>^ 

h7;^hS:CR (5V) e^^^$-a:-5fc«i)OTOD 
«> 

CR (5 V) =8. 7 2 

CR(7V)=11.09 50 
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(00 7 81 *lllfefl^^«C*5V>Tt>. ftt»:te4 1 

mm^'^^/i^i 3(7)tf^:^^:lg^g$H-cv^5f^^^). ^l*;<7y 

E Lffi^^tl^^l 2-C|g^Ufc?t<Offirti&-ttS:J£ftfete 
[0 0 7 9] iMM^Ml 1) lg|2 4*5<tt/|gl2 SttCl 

*a^s^i5^is® 1 1 1^. mmmi 2 3 (ommn 2 3 a <o:*f 

f^. {4^SMtS4 9 0j1+@$S4 9 a (D:^\^ilfi X.X}^U%m2 

A<omMm2 4.Ei(D:fj[^^m')it. _biELfc^j!f£?^f^9 

^i^gl 1 (:i*5»tS?^^^4 5(D5>^(DgEr^t^^i:^ig 
^t-teaS. 2 4 (Dj^jglib 2 3 a . 2 4 a *5<tt/ii4i^tS 

4 9(7)iiffi#4 9 ^(r>\^^^m^mi^mm.i Kommm 

^^^^75*" ±3^* . A n d(?3jiS^8 0 0 nm—l 1 
OOnmtC^^U. ji+B^te4 9 <i: UT y ^y^- a > 
(7)^^56 0 nm± 2 0 nm^Ot>^OJS^fl9V^-5ir irt>tc. ^ 
*3J:t/^{M^^2 3. 2 4 ^^CD^jil62 3 a . 24 a 

(Dig^$tf}4 9 a ^ikfOj: ^/^|^]#{CU-Cg£©Uri/^-6o 

[0 0 8 0] -r^iiy-h. ia2 4©J:5tc. — :^<^Ste. 

2 1 att. ?^^^:^^^^yH 3(D^ittS{C^UT;&lHH9 

1:152. 5** ±5" mj(0^mm^Wi2Qa>}S: 
€Ste:*3itSJS^^^fi£r6i:^f6]2 0 att. ffiSBfiItt S 

L-Cfele]^){:i5 2. 5" ±5° (D;^r^{c:$> t) . 

2 1 t^hnmm^m. 2 0 (;ir6j7i^oT:&iH] 7 5 

* ±10" co^y^;^ h^Tiy^;^ hgaf^UTv^5o 
[00 8 1] ^ LT. miSB^S>K 2 1 (Di£^;c:*3lt6?i^ 

^5^^KrR]:3^rp]2 1 aiSrO" (?3;^(^i:-rSi:. 

;K2 i;c:^ftrnj-r6^{S^«2 4<D^ig$A2 4 ^ 

m^^^<7:>y^ :^h:^Hk'^-l3\^\:i4.7 . 5" ±3* 

^ffi{BiJStS2 0tr^i6]t-6Sa<l^tS2 3CO 
^i@tt2 3 att. t&SB:>'>f ;^ h:frrp]i:ifi*;^r6]tc3 6. 5 

• ±3' (^:^r6jt-fe?). $e>(;i<fc*B^;te4 9w®ffitli4 

9a«. h;^lBli:iS»:fer|6]iCl 3 8. 5" ±3 

[008 2] z.(r>mmmi(r>m^m7fimn 1 1 jses 

n<om%m2 3^ 2 A<D^itY^mt^mm\^xit^m^ 

(008 3] la 2 5 lijsta^^i^ie 1 1 (nmi7T^^<omt 



(13) 
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^myf^mui Kom^^n. mm2 5. 3 om{:im&t 

m\iVX\i^^j:\f^^MV^B'^n^<-y^^ (P) J-i£v>fe-c 
&0.m<S2 5. 3 0|igeoPnJ!JDm/E^ii5< UT(^< (OIC 
tt/i:o-C. # (R) --iM^ (G) (B) 

[0 0 8 4] ^fc. ::co|liifl^^c?5f^^^7n^® 1 lie 

*3(t-5B<7>^^^fi(7)W^^^R (min) <t 
(5V) . ^*P®JQE;dS7 V(Oi^-CR (7V) 10 

R (min) = 1 . 8 5 % 
R (5 V) =2 2. 3 7% 
R (7 V) =2 8. 3 5% 

[0 0 8 51 ^LT. 

(DPn*Dm/ESr5 h^CR (5 

V) . S^Sr^^^-ar-SfcJCjcT^^iJP^iE^^? 
©=i>h7:^h^CR (7V) 20 
CR (5V) =12. 09 
CR (7V) =15. 32 

[0 0 8 6] -r/^i:?*:>> ^mmj^WifDm^mTf^mm 1 1 

2 3. 2 4<o5t>(0-;^«DiB^;te (^<z)|llte?^®-e«Sfr 
mm-r^tt-h^:i. i^^5^^<7>';^-r;^ h^^7 5" ±i 30 

0° i: $e>{;if^^4 50A n fK^fil^S 0 0 nm-- 
1 lOOnm. ^*i^«4 9oy^7'— >3 VWia^e 

0 nm± 2 0 nmi: Ufc^'^ir*3(t6^> i^. Ws 
^(Dm7fi^f>mhtl^M^^2 3. 2 4&mi4S^tg4 

[00 8 7] (^Stefl^S 12) EI 2 6 li. :*:^?^<^?^^ 

i«. mTikmmx^v. s ^mE 

;js/j;v ^^^rlit^^tl^Jb«E UfcllJS?^^ 8 t |RH^(7)t»^-efe 

im^vxi^^tii^mmm'-^m^^j:^±p^(ommti-m 

50 



[0 0 8 8] ±W.\^timmmm8--l 2(0X^^J:ECB 

m<om^m7j^mmn. mmmtvxm\^^^^^. 12134 

IE LfcHSfe^i^S 8-12 (D^tSlE L m^^^T- 1 2 T* 
0iI;ttJ^feK-^^i^hi:LTDCMl. i^fe K->''« 

tci-r^r <h/05-e#6„ r<DJ: pl^W^ELffi^g^^^l 

[00 8 91 immmmi3) m2 7n. :^mM(r>m^ 

inm:73^mmxh<o. m^mTr^^^^/i-i st^ ^m^L 
m^^m^i 2t. ti^io:kmmftit.^ti^. m^m^^^^^ 

o^MijtrgEg^n. -*f(D^^0>^s^2 o tm^p^s 

m2 1 t (Dfpll;!?!^^ 4 5^itALfci1lligt/.eoTV^-5o 
t^3fel^^U7 0%JeJl±cO^jit^^Wt-5*jSm^^2 5;iS 

m7r^mi^^m^t>fc<:>x^fii^.^ti. ^mmm2 5±{a-i 

$ix-cv>5„ #3SWS«2 i(Z)*rrfi]f^ffiWl:ifl. I TO 

xfj^^mmnms o^xrjm^n^s o\:imm^tifc^ 
^ y'^iy^m'f-xh^TFT 3 iiimmmmz\^fc^>o 

-^tn^m^'ri>i^\:f7\^\^^^^xnm^Mz-^ h y ^j^^se 

nmti^m^'mj^^mti-ti} h'i--^i^y^>\^mm^tix 

V =^>':^^h^j:^mmif&mm3 4:^^y<^->Mf^^ti. m 
mmjm3o±iaxxj^mri\Kmm3 4±iat^V'<^ K?i^ 

[00 9 Oj ^^€4 5«. 4a*Eif^ (=iu;^7^y y^- 

6PCGHf^^^. PD (i^^^^^ftft§!) m^. pom 

^mi l-C«. m^m. /^^tt^~WJ:\f^<o. 

[0 0 9 1] ±ts.Ltcmmmm 1 1 3 x\t. m^m^jk 
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(a) . (b) {zfjk-r^z)fj:^mrf:^\^mm^5 3^n& 

JSiff^jftSi. 3-1. 4(;iS9!:^$ 

{cHS^-rSi:. A^^ti-^3 0° (7)A 

yc: AM3fe(0^ S tBt*>t c75^ g <ir O LT V > 6o 

[0 0 9 2] immmm 14) !2i a 0 

[0 0 9 3] mmmmi 5) 1213 n^, ^^mtT^m^ 

W.2 0(Omffil-iii^m<S3 0 ^TFT 3 1 ;6S?1^^$tL. 
5. W«EL^18. ry-Km-ISi 9d5«S2k«g|^$tt 

$^^-cv^^„ ^tihmmm&m2 0(Dmmt^m2 9t^^ 
mmmm2 1 w^ErPii^s 2 toigtcifiia^ft® 2 2;5s^ 

2 ooW:^i:i«. mM^m2 3. *£gjc>K4 i^ssga^^ti 

[0 0 9 4] ;*s:||S£fl^S|;ii3V>XJi. ^^E Lmm^m 

^ 1 2 it^^mmmm 2 1 <7>gr®-c*«s@ 2 2 <o^:^\z.m 
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T'#6o ^fc. TFT 3 in. W^E L®^3t^T-l 2 
j!i5fl0J5fe$nfcm^P^StR2 1 i:^/^6Stf^0>^SiS2 Otw 
?|^fi£$^^TV^^>^^X, TFTfl^^lil^oT. WfiftEL^ 

(?5;^fv^^ws^^;ta 3 0 ox:\;x±.(Di}m^n^rf 

[0 0 9 5] mmm^^i^) m3 :^^m(om^ 
10 ^^sie(7)3ij£?i^ti8i 6^^-r»T®i2ixfe-5o ^^iiJfefl^ 

•^^h. ^iiiS^*?l3t^t>oMg-AgXVi:^8ftaS#*;«7 
y-Kmi£l 5 aXe^m^^nxi^So 

?f^^lcioV^x«. ii:tS::K4 i ^<^;txv^/cev\ 

:*:^Jfefl^SlciaV>X^>. ^^^(7?^t)3A^^i:fi^ 
20 4-1 6X«. ''>/j;< i:t>W«lEL®%3fe3{l^l 2iBJ<D 

e>/j;<XJ:v\ 

[0 0 9 61 i^-t. I^ffifl^^ 1 1 6 {COV^X 

X.tf. J0tS^-m. TN«StS^-K. STN^^^- 

K. h • 7fs>^ h (GH) m^"^- v\ uitm^m^^ 

30 /jJl^PC (^e<lS^) ^-K. PDLC (i^5^'^5>^^?l^ 
^) ^-K> PDLC/GH^-K ^l^^T^y 

[0 0 9 7] -hiau/c^nifijj^t^xtt, mmE L 

SI 8^f. -^aj^LXA 1 q 3X/j:5m^«Jill® 1 6 
i:. PVCzi:BNDa:fife3g^«-3|s|-i:X/j:SjE?LliftSI 

40 m 1 7 ir^rg^-a^Ufc^l^i: ^(D^mE L^n^ 

tgxfc^» 

[0 0 9 8] ^61^. :*:^?^t;i*o*v>Xli. St*;?7y-K 
miSlStbX, -^i/^v'lJ'A'^^, y^yz^^Ms (H 

f , tt^lJBIIftS. 63eV) -^iifr±m7C3!|-Cfe5;^*i^ 
v^e^i. (S c. tt:^BI^3. 5 e V) . ^ bV^J^ 

(Y, f±^gaiSc3. 1 e V) . ^V^i^ (La. tt^gJBS 
1^3. 5eV) , '\:V'>J>> (Ce. f±^B8lgc2. 9e 
50 V) . (Pr) , ^^i^M^ (Nd. tt^M 
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1^3. 2eV) , (Pm) , ^) ^ J>. 

(Sm. tt^gllfea. 7eV) . ^!>Dlf-J^J. (Eu. 
tt*gS^2. 5eV) . ^VVr^^M. (Gd. ft^gil^ 

3. lev). x/i-t'e^A (Tb. ^^mm . 

nV^>A (Dy) . it^)\^^:x.2^ (H o ) . m/Pt'^J^i^ 
(Er, ttVBa!gt2. 9 7eV) , y^)^J>. (Tm. 
S/T^yVt'^A (Yb. -(±^^9^2. 6 e V) . yVx^'^' 

® 1 6 -Clfteg Ufc J: 5 tfeSLK^;& K^fiB 15a 10 

[0 0 9 9] ;*c5IW-ett. W1«EL®555fe3»^l 

1(r>W^ \ 4^1 fim-'S u mf^cDmiti^ V ^^^^h^ 

i^nr ^ V ^i-^.(o^mmmm^&m-xm^-r^z ti^x 30 

[0100] $ ^IC. ±tdsm^^Wi 1 ~ 1 4 -cfi. 
^^/N^/H 3a. TPT 3 l\^Xi>T^y'^ymW)X 

[0101] 

m 2 1 mmmm 1 (Di^m so 
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[1213] ?i^^a.T^ig@<7)Ppm^<£:^-ri5i?^!ao 

[me] jE7L$Sii^^ (HTL) iH(DjEm(D^^^^=^:^ 
[12} 7] PVCz. y V6^S K— T'^nfcPVC 

[1218] PVCzroEL4#ttt PLiRpl^^t^-t-;^-?^ h 
[1219) IIJ£?f0S2(OfS^^^ig®<^^-r^ffil21, 

[1211 0] mmmmstom^m^mm^^'rwimmo 
mil] m:mmm4(Dm^Bm^mm^7r^-rmmmo 
mi 2] mmmm5(Dm^0m^mm^^-twrmmo 
mis] mmmWi6(Dm^m7r^mm.^7f:'rmmmo 
mi 4] mmmmTtDm^mTr^mm^m-rwimmo 
[1211 5] mmmms (Dm^sm:7f^mu^7r:-rmmmo 
mi 6] mm^m8{c^ii^m^m7j^^<^/V'<Dm^^ 

mi 7] 'mm^m^8<om^n7fimm.<r>mi7ri^<r>mt^ 

[I2II8] ^5^-^U>6*3J:t/DCMloiSSi:EL»S 

[[211 9] ■mmrm^(r>m^&m7r^mm.^yr^-rw\mm. 
[1212 0] ll^£fl^S9tr^3tt-5^s^^^^<ofi^fp]^^t^. # 

[1212 1] |lifefl^l^9C0M^^ig©(O^:T^fe(D^^L^ 

^i-feJSI21o 

[1212 2] mmmmi 0 ^^^^^a5)•^^<^^fif^4^^i> ^ii^ 

[1212 3 J HJfefl^^l 0COfiJ[S^:^$l®(O^^feWfE>fl: 

<^^-rfeSi2)o 

[1212 4] m^mmmi 1 co^0ES^^=-cogEf6]^^^, ^s-is^t 

[1212 5] ^fififl^Sl 1 coS£S^^36®<^^^fe<^^<k 

5r^-rfeSI21o 

[1212 6] mMmmi 2WfSS^^ig@S:^-r»r®ia„ 

[1212 7] njfefl^m ziDm^mTv^mm.^Tf^'rm^m. 
[1212 8] (a) *3j;t/ (b) \-t^mn:^\^nmmi:7r^ 

[1212 9] 3fciifT*r6l©J«Nl«wM^^SI^)C&CfcA#*?fe 
[121 3 0 ] HJfifl^f© 1 4 o?^^^^^Ct^^-r«Fr®l21o 

[1213 1] m^mmmi ^(om^wtTf^mn^Tr^-rw^mm. 
(1213 2] nfliTi^ffii %<r>m^wk7m^^7fi^^mm. 
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(1213 3) 'i^tm(Dm^myfimm:^7f^^mmmo 
1 1 

12 mmELm^^m^ 

1 3 ^^aB:7piy^^:^y^ 
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15 S^;«7y-Km^ 

1-5 a «fcSLS^;?7y-K^ 

1 8 Lm 

19 r y - h*mm 
4 1.42 mnm 

b mt*^ 

c m7j<m^ (EL3fe) 
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